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We challenge to investigate the magnitude ratio (r) of 14 major meteor showers using SonotaCo net video data: 

Quadrantids (QUA#010), Lyrids (LYR#006), eta Aquariids (ETA#031), Southern delta Aquariids (SDA#005), 

Capricornids (CAP#001), Perseids (PER#007), Orionids (ORI#008), STA_SE (Steady Expression of Southern 

Arietids, STA#002), STA_SF (Sharply Fluctuating component of ‘Southern Taurids’, STA#002), Northern Taurids 

(NTA#017), Leonids (LEO#013), sigma Hydrids (HYD#016), Geminids (GEM#004), and Comae Berenicids 

(COM#020).  We compensate for the observation bias by using the sporadic meteor distribution and the results are 

in good agreement with past results.  The magnitude ratio (r) and the beginning height of a meteor shower strongly 

relate, and these properties obtained by video observations give a useful clue to infer the origin of the meteoroids. 

We study the two most important major meteor showers in detail (Perseids and Geminids) and find a very interesting 

peculiarity in the Geminids; brighter meteors with absolute magnitude MA < –2 decrease in number compared to 

sporadic meteors and other meteor showers of course, and the beginning height of Geminids is almost the same as 

for sporadic meteors. 

 

1 Introduction 

Video observations are now conducted on a large scale 

worldwide. Their results are usually used to detect unknown 

meteor showers, but other useful data are often disregarded: 

absolute magnitude and beginning height for example.  The 

author tried to estimate the magnitude ratio from video data, 

however, photometry in video observations is unique for 

every observation system (Koseki, 2023).  As Ceplecha 

showed the beginning height of a meteor path suggests the 

property of its meteoroid (Ceplecha, 1968), the author used 

this as an index of the meteor shower property in the case 

of the remnants from comet 73P/Schwassmann–

Wachmann 3 (Koseki, 2022).  A vast amount of video data 

has been accumulated but this has not been used to analyze 

major shower properties.  We challenge here to show the 

importance of forgotten video data by representing the 

properties of major meteor showers using SonotaCo net 

video data (SonotaCo, 20091; SonotaCo et al., 2021). 

2 Activity profile and mean magnitude 

For each of the 14 major meteor showers, we will discuss 

in detail and show the activity profile and the mean absolute 

magnitude (MA) change (see Section 5).  You may be 

wondering why the Southern Taurids (STA#002) are split.  

The author stressed that the “Southern Taurids” have two 

quite different activity peaks: one around October 13 and 

another around November 5 (Koseki, 2020). 

These graphs display the sliding mean of the number of 

shower meteors (solid blue line) and of the absolute 

magnitude (dotted orange line) with 1 solar longitude bin; 

the number is divided by the years of the observations, 

which is 15 for representing the yearly average activity 

 
1 See also “SonotaCo Network Simultaneously Observed Meteor 

Data Sets”, http://sonotaco.jp/doc/SNM/. 

profile.  These activity profiles are derived using the raw 

number and have not been compensated for the background 

sporadic meteor activity; observing conditions may have 

affected the profiles.  This research aims to investigate the 

outline of the properties of meteor showers.  If one intended 

to show more accurate activity profiles, this could be 

obtained by using the DR parameter (density ratio of shower 

meteors to sporadic meteors): see Koseki (2019). 

We use the classification applied in SonotaCo net data 

except for the two STAs and NTA. 

3 Magnitude ratio 

3.1 Slope in the logarithm distribution 

 

Figure 1 – The logarithm distribution of the number of meteors in 

function of the absolute magnitude for the Perseids.  The 

classification of meteor showers is based on SonotaCo net. 

http://sonotaco.jp/doc/SNM/
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The magnitude ratio is determined by the slope of the 

logarithm distribution of meteor numbers along the 

magnitude; Figure 1 shows the distribution for the Perseids 

for example.  But it is not so easy to determine the 

magnitude ratio, because the distribution cannot be 

expressed by a linear regression line (see Table 1). 

Table 1 – The magnitude ratio estimated by several different 

magnitude’s ranges for Figure 1.  Slopes represent the results of 

the regression analysis in given magnitude ranges and the 

magnitude ratios are values corresponding to the slopes. 

Magnitude range slope Magnitude ratio 

–7~–2 0.548 3.54 

–7~–3 0.625 4.22 

–7~–4 0.681 4.80 

–6~–2 0.494 3.12 

–6~–3 0.591 3.90 

–6~–4 0.681 4.80 

 

Such a distribution as shown in Figure 1 reflects not only 

the real meteoroid distribution but also the observational 

selection. Video observations have problems with their 

photometric techniques as well as with the perception of the 

meteor magnitude.  If we could estimate the perception 

coefficients for SonotaCo net system, the magnitude 

distribution might be represented by a smoother line. 

 

Figure 2 – The velocity distribution of sporadic meteors in video 

observations.  It is important to note that different observation 

techniques give different results. 

 

We know there are two meteor groups divided by a 

geocentric velocity vg of 50 km/s (Figures 2 and 3).   

Figure 2 represents the sporadic meteor number distribution 

against the geocentric velocity; it should be stressed that 

this graph is for SonotaCo net and the shapes of the graphs 

differ depending on observational techniques although the 

two groups are obvious in these graphs (Koseki, 2015). 

Figure 3 displays the ratio of the number of meteors with vg 

less than 50 km/s to the number with vg faster than 50 km/s, 

standardized by each total number of meteors against the 

meteor magnitude.  There are two striking characteristics; 

the slower meteors with MA = –3~–4, exceed the faster ones 

by more than a factor of two and the change in MA is very 

regular.  We can suggest two reasons; both the perception 

coefficients and the magnitude ratio vary with the 

geocentric velocity. 

 

Figure 3 – The ratio of the number of meteors slower than 50 km/s 

to the number of faster meteors against the meteor magnitude.  

This graph is standardized by each total number of meteors and we 

can see that the faster meteors dominate in fainter meteors MA > 0 

and the brightest range MA < –5. 

 

Figure 4 – Perception coefficients for meteors slower than 50 

km/s and faster than 50 km/s with the assumption r = 3.18 for 

meteors slower than 50 km/s and r = 4.24 for faster meteors. 

 

We estimate two perception coefficients, one for meteors 

slower than 50 km/s and one for faster meteors.  Figure 4 

shows the smoothed lines of these coefficients.  If we 

correct the number distribution of the Perseids using the 

perception coefficient for meteors faster than 50 km/s, a 

pretty good distribution can be plotted in Figure 5 

compared to Figure 1. We can get r = 3.04 from the slope 

between MA = –4 and MA = 0.  The used coefficient is 

temporary because the values in Figure 4 are estimated by 

the assumption of r = 3.18 for meteors slower than 50 km/s 

and r = 4.24 for faster meteors.  The magnitude ratio and 

the perception coefficient might change with the geocentric 

velocity, and, therefore, r = 3.04 for the Perseids seems to 

be overestimated.  SonotaCo net has piled up a great amount 

of data, but this data is still not enough to evaluate the 
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perception coefficient changes in function of the geocentric 

velocity. 

 

Figure 5 – The corrected logarithm distribution of meteor 

numbers against the magnitude for the Perseids using the 

perception coefficient curve for meteors faster than 50 km/s. 

 

We try to search for another way to obtain the magnitude 

ratio; we study the ratio of shower meteors to sporadic 

meteors instead of the perception coefficient.  If the 

perception coefficients of both shower meteors and 

sporadic ones are assumed to be equal, we could calculate 

the magnitude ratio using the ratio of shower meteors and 

sporadic ones; 𝑟 = 10(𝑠𝑠ℎ + 𝑠𝑠𝑝), where ssh is the slope of the 

shower meteors to the sporadic meteors and ssp is the slope 

of the sporadic meteors.  First of all, it is necessary to 

investigate how the magnitude ratio of sporadic meteors 

changes with the geocentric velocity. 

3.2. Magnitude ratio dependence on a geocentric 

velocity 

 

Figure 6a – The logarithm distribution of the number of sporadic 

meteor against absolute magnitude MA, for 

25 km/s < vg < 35 km/s. 

 

As suggested by Figure 3, the magnitude ratio of sporadic 

meteors varies with the geocentric velocity.  We divided 

sporadic meteors into 14 groups with 10 km/s bins in 

geocentric velocity overlapping 5 km/s each, vg < 15, 

10 < vg < 20, 15 < vg < 25, and so on.  Figures 6a and 6b 

show the logarithm distribution for 25 < vg < 35 and 

60 < vg < 70 as examples.  The two graphs show that the 

slopes are different. The slope of the faster meteors is 

steeper (Figure 6b).  But, the two graphs are not straight 

lines, and it is difficult to select the most suitable section 

(Table 2). 

 

Figure 6b – The logarithm distribution of the number of sporadic 

meteor against absolute magnitude MA, for 60 km/s < vg <70 km/s. 

 

Table 2 – The slopes of the logarithm distribution and the derived 

magnitude ratios in the different magnitude ranges for Figures 6a 

and 6b. 

25 < vg < 35 

Range –6~–4 –5~–3 –4~–2 –6~–2 –6~–3 

slope 0.586 0.455 0.489 0.5 0.521 

r 3.85 2.85 3.09 3.16 3.32 

60 < vg < 70 

Range –6~–4 –5~–3 –4~–2 –6~–2 –6~–3 

slope 0.634 0.593 0.437 0.556 0.612 

r 4.31 3.92 2.73 3.6 4.1 

 

 

Figure 7 – Changes in the slopes shown in Table 2 along with the 

geocentric velocity.  The values of the slopes for the most 

plausible range –6 < MA < –3 are connected, and the result of the 

regression analysis is shown as inset. 
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We plot the slopes and the estimated magnitude ratios for 

all groups in Figure 7.  The range MA = –4~–2 is clearly 

influenced by the perception coefficient which becomes 

lower for faster meteors, and the slope is dropping after 

vg > 50 km/s.  The range MA = –6~–2 seems to be 

influenced by the perception coefficient because meteors 

fainter than MA > –3 may be overlooked.  Therefore, we 

select the range MA = –6~–3, because the range is wider 

than the other two ranges and gives moderate magnitude 

ratios.  We use the result of the linear regression analysis to 

estimate the magnitude distribution of sporadic meteors 

hereafter. 

 

Figure 8 – Estimated magnitude ratio for sporadic meteors with 

geocentric velocity derived from the slopes of –6 < MA < –3 in 

Figure 7.  The dashed line is given by the result of the regression 

analysis in Figure 7 and we use it hereafter for the estimation of 

the magnitude ratio of shower meteors. 

 

Figure 8 shows the estimated magnitude ratio of sporadic 

meteors based on the slopes for the range MA = –6~–3, and 

the smoothed line represents the relationship of the slope of 

the magnitude distribution with the geocentric velocity as 

the result of the regression analysis. 

3.3. Ratio of shower meteors to sporadic meteors 

We know the dependence of the magnitude ratio of sporadic 

meteors on the geocentric velocity (Figure 8), and, 

therefore, we can estimate the magnitude ratio of the shower 

meteors by calculating the ratio of shower meteors to 

sporadic meteors against the absolute magnitude. 

It is necessary to examine the magnitude distribution around 

the mean geocentric velocity of the shower meteors to 

calculate the ratio.  Figure 9 shows the magnitude 

distribution of sporadic meteors around vg = 58.7 km/s, 

which is the mean geocentric velocity of the Perseids; we 

choose the velocity range as ±5 km/s: vg = 53.7~63.7 km/s.  

Figure 10 gives the results for the comparison of Figure 1 

with Figure 9: the ratio of the number of Perseids to 

sporadic meteors in a logarithm distribution.  It seems to be 

better to adopt a linear regression to the graph of Figure 10 

rather than to Figure 5.  We exclude both the ranges brighter 

than MA < –4 and fainter than MA > +2, because the smaller 

numbers of data cause uncertainties.  The magnitude ratio 

of the Perseids, then, can be calculated by estimating the 

slope of the sporadic meteors for vg = 58.7 km/s which is 

0.5914 in Figure 7 and the slope of the Perseids to sporadic 

meteors in Figure 10 is –0.1956: r = 10(0.5914–0.1956) = 2.49. 

 

Figure 9 – The magnitude distribution of sporadic meteors 

vg = 58.7 ± 5 km/s, which is around the mean magnitude of the 

Perseids. 

 

Figure 10 – The logarithm distribution of the ratio of the number 

of Perseids (Figure 1) to sporadic meteors (Figure 9). 

 

We can confirm the workability of the ratio of shower 

meteors to sporadic meteors by applying this method to the 

major showers (see Figures 12, 15, 18, 21, 24, 27, 31, 35, 

39, 43, 46, 49, 52 and 55).  The full line is the result of the 

linear regression analysis between MA = –4~+2. Crosses on 

both sides are excluded from the analysis because of the 

scarcity of data.  Because all abscissas in the above-

mentioned figures are the same and the widths of the 

ordinates are the same, we can derive the difference in the 

magnitude distribution as seen in the slope of the figures.  A 

steep slope means such a meteor shower is rich in bright 

meteors and a flatter one suggests it is rich in faint meteors.  

Both enhanced activities of the Orionids in 2007–09 and the 

STA_SF display were rich in bright meteors.  We can see 

the explanation for the difference in the mean magnitude 

(see Figures 11, 14, 17, 20, 23, 26, 29, 30, 34, 37, 38, 42, 

45, 48, 51 and 54) from another point of view. The slopes 

of the logarithm distribution of the ratio of shower meteors 

relative to sporadic meteors in function of the absolute 

magnitude shows that the magnitude ratios are different in 

each meteor showers. 
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Table 3 – Magnitude ratio of the major 14 meteor showers.  vg is the mean geocentric velocity of the shower. The slope is the slope of 

the magnitude distribution and r is the magnitude ratio. Each upper line is for sporadic meteors estimated by the relation shown in 

Figure 7 and each lower line is for the meteor shower. 

 QUA LYR ETA SDA CAP PER ORI1 ORI2 _SE _SF1 _SF2 NTA LEO HYD GEM COM 

vg 40.2 46.6 65.6 39.7 22.3 58.7 65.9 65.9 28.5 27.9 27.9 27.3 69.9 59.4 33.8 62.9 

slope 0.544 0.561 0.609 0.543 0.498 0.591 0.61 0.61 0.514 0.513 0.513 0.511 0.62 0.593 0.528 0.602 

 -0.095 -0.161 -0.007 -0.076 -0.161 -0.196 -0.126 -0.036 0.076 -0.146 0.018 -0.063 -0.167 -0.06 -0.1 -0.083 

r 3.5 3.64 4.06 3.49 3.15 3.9 4.07 4.07 3.27 3.26 3.26 3.25 4.17 3.92 3.37 4 

 2.81 2.51 4 2.93 2.17 2.49 3.05 3.75 3.89 2.33 3.39 2.81 2.84 3.42 2.68 3.31 

 

Table 4 – Survey outline for the beginning height. Shower codes are listed in the first line: ORI1 is for the enhanced activity of ORI and 

ORI2 for the regular years.  _SE, _SF1, and _SF2 correspond to STA_SE, enhanced activity of STA_SF and regular years respectively.  

The two λʘ give the activity interval, we used the QUA meteors between λʘ = 282.6~283.6° for example.  The two vg lines give the upper 

and lower values of the geocentric velocity of sporadic meteors, we selected sporadic meteors between vg = 38.4~42.0 for QUA, that is, 

in the range of ±1σ of the mean velocity of QUA. 

 QUA LYR ETA SDA CAP PER ORI1 ORI2 _SE _SF1 _SF2 NTA LEO HYD GEM COM 

λʘ 282.6 31.9 44 126 125 139.5 206 206 195 218 218 222 234 250 262.5 259 

 283.6 32.9 49 130 133 140.5 210 212 205 224 224 234 239 260 263 279 

vg 38.4 44.7 63.6 37.8 20.5 56.5 63.9 63.4 26.3 26.5 25.2 24.7 67.7 56.7 31.8 60.6 

 42 48.6 67.6 41.6 24 60.9 68.2 68.2 30.6 30.3 29.7 29.9 72.1 62 35.8 65.3 

 

 

3.4. Estimate of the magnitude ratio of shower 

meteors 

It may be enough to determine how rich in bright or faint 

meteors a meteor shower is, by showing the slope of the 

ratio of shower meteors to sporadic ones.  But it is 

convenient for readers to calculate the magnitude ratio and 

it is very easy because we have gotten the slopes of major 

showers and the relation of the slope of sporadic meteors 

with a given geocentric velocity.  We can calculate the 

magnitude ratio by the formula; 𝑟 = 10(𝑠𝑠ℎ + 𝑠𝑠𝑝), where ssh 

is the slope of the shower meteors to sporadic meteors and 

ssp is the slope of the sporadic meteors estimated by the 

relation shown in Figure 7. 

4 Beginning height 

The beginning height of meteors is the clue to 

understanding the meteoroid properties (Cook, 1973).  We 

investigated the beginning height of 14 major showers 

according to the conditions shown in Table 4.  

The widths of the two axes are the same in for all showers, 

though the ranges of the beginning height (HB) are different 

from each other.  The result of the linear regression for 

sporadic meteors is shown as a dashed line (blue) and that 

of the shower meteors with a solid line (orange), both are 

shown with the linear expression.  We can estimate 

meteoroid properties for shower meteors by comparing 

them with the corresponding sporadic ones. If the beginning 

height of shower meteors is higher than that for the sporadic 

ones, we can infer that such meteoroids might be more 

porous than sporadic ones. The results are discussed shower 

by shower in Section 5. 

5 Properties discussed by shower 

5.1 Quadrantids (QUA#010) 

The maximum of Quadrantids is narrow, and meteors 

classified as Quadrantids in SonotaCo net beyond the 2 days 

maximum might be contaminated by sporadic meteors or by 

other minor shower activities such as DAD.  The mean 

absolute magnitude (MA) drops about 0.5 magnitude at the 

maximum, brighter meteors become more abundant at the 

maximum.  The changes in the mean magnitude apart from 

the maximum are very uncertain because of the small 

number of shower meteors (Figure 11). 

 

Figure 11 – The sliding mean of the number of Quadrantids (solid 

line, blue) and of the absolute magnitude (dotted line, orange) 

using with 1 solar longitude bin; the number is divided by the 

number of years of the observations. 
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Figure 12 – The solid line indicates the result of the linear 

regression analysis for the Quadrantids between MA = –4~+2, 

crosses on both sides are excluded from the analysis because of 

the scarcity of the data. 

 

The two filled circles on the left side and one in right are 

lower than the line because of the scarcity of data, but 

excluded data shown in crosses are consistent with the 

expected extension of the line.  The slope suggests QUA 

belongs to the ecliptic meteor showers (Figure 12). 

The beginning height of QUA is slightly above the sporadic 

ones (Figure 13).  If QUA has common ancestors with 

SDA, the larger perihelion distance of QUA could be the 

cause of the difference. 

 

Figure 13 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the Quadrantids as a 

solid line. 

5.2 Lyrids (LYR#006) 

The activity period of Lyrids is also short, and the activity 

level is lower than for the Quadrantids. The mean 

magnitude change, therefore, is uncertain but seems to be 

lower than for the Quadrantids and richer in brighter 

meteors (Figure 14). 

The slope is approximately comparable to CAP and 

suggests that LYR produces abundantly bright meteors 

(Figure 15). The beginning height of LYR is clearly higher 

than for QUA.  The meteoroids of LYR could have a 

cometary origin and might be more porous than those of 

QUA (Figure 16). 

 

Figure 14 – The sliding mean of the number of Lyrids (solid line, 

blue) and of the absolute magnitude (dotted line, orange) using 

with 1 solar longitude bin; the number is divided by the number of 

years of the observations. 

 

Figure 15 – The solid line indicates the result of the linear 

regression analysis for the Lyrids between MA = –4~+2, crosses on 

both sides are excluded from the analysis because of the scarcity 

of the data. 

 

Figure 16 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the Lyrids as a solid line. 
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5.3 Eta Aquariids (ETA#031) 

 

Figure 17 – The sliding mean of the number of eta Aquariids 

(solid line, blue) and of the absolute magnitude (dotted line, 

orange) using with 1 solar longitude bin; the number is divided by 

the number of years of the observations. 

 

Figure 18 – The solid line indicates the result of the linear 

regression analysis for the eta Aquariids between MA = –4~+2, 

crosses on both sides are excluded from the analysis because of 

the scarcity of the data. 

 

It is obvious that the double maximum is just apparent 

because of the short observation period in the morning 

twilight and the weather condition which often distorted the 

results of the observations.  The mean magnitude is lower 

around the maximum like with the Quadrantids (Figure 17). 

The slope is the smoothest among the major showers and is 

flatter than that of ORI in its regular years.  This may be 

since ETA is farther away from the core of the meteoroid’s 

distribution derived from 1P/Halley than ORI, although the 

distance between the orbit of ETA and the parent comet is 

smaller than that of ORI (Figure 18). 

The beginning height of ETA is slightly higher than ORI 

(both enhanced and regular years).  This difference may be 

related to the distance from the orbit of 1P/Halley; the 

distance between descending nodes of ETA and 1P/Halley 

is closer than that of the ascending nodes of ORI and the 

comet (Figure 19). 

 

Figure 19 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the eta Aquariids as a 

solid line. 

5.4 Southern delta Aquariids (SDA#005) 

 

Figure 20 – The sliding mean of the number of Southern delta 

Aquariids (solid line, blue) and of the absolute magnitude (dotted 

line, orange) using with 1 solar longitude bin; the number is 

divided by the number of years of the observations. 

 

Figure 21 – The solid line indicates the result of the linear 

regression analysis for the Southern delta Aquariids between 

MA = –4~+2, crosses on both sides are excluded from the analysis 

because of the scarcity of the data. 
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The mean magnitude does not show any distinct brightening 

around the maximum and is higher, that is, fainter than CAP 

(Figure 20). 

SDA is active in late July at the same time as CAP, but the 

slopes of the two meteor showers show very well their 

difference in appearance.  SDA meteors appear to be more 

like QUAs (Figure 21). 

SDA is the only meteor shower for which the beginning 

height is lower than this for the sporadic meteors.  The 

perihelion distance of SDA is the closest to the Sun among 

all 14 major meteoroid streams, and this might make 

meteoroids more solid (Figure 22). 

 

Figure 22 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the Southern delta 

Aquariids as a solid line. 

5.5 Capricornids (CAP#001) 

 

Figure 23 – The sliding mean of the number of Capricornids 

(solid line, blue) and of the absolute magnitude (dotted line, 

orange) using with 1 solar longitude bin; the number is divided by 

the number of years of the observations. 

 

The first half of the activity profile is uncertain because of 

the bad weather condition in Japan and, therefore, the real 

maximum might be earlier.  The mean magnitude deviates 

widely and clearly shows brightening around the maximum 

of the activity (Figure 23). 

 

Figure 24 – The solid line indicates the result of the linear 

regression analysis for the Capricornids between MA = –4~+2, 

crosses on both sides are excluded from the analysis because of 

the scarcity of the data. 

 

Figure 25 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the Capricornids as a 

solid line. 

 

The slope is consistent with our experiences: we know CAP 

is one of the magnificent meteor showers producing 

conspicuous fireballs (Figure 24).  This may suggest that 

CAP is of cometary origin, and we encounter the very core 

of its meteoroid stream such as the Perseids and Leonids. 

The beginning height of sporadic meteors is an ascending 

slope, and this is a common feature in the low-velocity 

range of meteors (see Figure 25 and other graphs of ecliptic 

showers).  The beginning height of CAP is quite different 

from SDA and meteoroids of CAP are more fragile than 

those of SDA. 

5.6 Perseids (PER#007) 

Perseids are active during more than a month, and the mean 

magnitude gets brighter around the maximum although it 

remains in the bright range during the entire activity period 

(Figure 26). 

The magnitude slope is the steepest among all major 

showers and, therefore, we can enjoy their summer 

fireworks (Figure 27).  The distribution seems to be bulging 

in the middle; we will study this problem in Section 6. 
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Figure 26 – The sliding mean of the number of Perseids (solid 

line, blue) and of the absolute magnitude (dotted line, orange) 

using with 1 solar longitude bin; the number is divided by the 

number of years of the observations. 

 

Figure 27 – The solid line indicates the result of the linear 

regression analysis for the Perseids between MA = –4~+2, crosses 

on both sides are excluded from the analysis because of the 

scarcity of the data. 

 

Figure 28 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the Perseids as a solid 

line. 

 

The beginning height of the Perseids shows a descending 

slope, and this seems to be common for those of cometary 

origin (see ORI and LEO). The line for the sporadic meteors 

is flat although we choose the same geocentric velocity 

range as for PER (Figure 28). 

5.7 Orionids (ORI#008) 

 

Figure 29 – The sliding mean of the number of Orionids regular 

activity (solid line, blue) and of the absolute magnitude (dotted 

line, orange) using with 1 solar longitude bin; the number is 

divided by the number of years of the observations. 

 

Figure 30 – The sliding mean of the number of Orionids during 

enhanced activity (solid line, blue) and of the absolute magnitude 

(dotted line, orange) using with 1 solar longitude bin; the number 

is divided by the number of years of the observations. 

 

SonotaCo net caught the enhanced activity of Orionids in 

2007–09, and, therefore, we divide Orionids data into two 

parts: the enhanced period (2007–09) and the regular period 

(2010–22).  The Orionids during enhanced years were about 

five times more abundant in numbers of meteors than in the 

regular years and with brighter meteors than the latter 

ΔMA = –0.5~–1.0. The left wing is different in both plots 

though the right wing is the same (Figures 29 and 30). 

SonotaCo net captured the enhanced activities of ORI in 

2007–09.  The magnitude distribution in these years is 

clearly different from the regular years; we were closer to 

the core of the meteoroid concentration in the enhanced 

years than in the regular years (Figure 31). 
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Figure 31 – The solid line indicates the result of the linear 

regression analysis for the Orionids during enhanced activity, the 

dotted line for the regular activity, between MA = –4~+2, crosses 

on both sides are excluded from the analysis because of the 

scarcity of the data. 

 

Figure 32 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the Orionids during 

regular activity as a solid line. 

 

Figure 33 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the Orionids during 

enhanced activity as a solid line. 

 

The beginning height of ORI in enhanced years (Figure 33) 

clearly shows a descending slope and looks similar like 

ETA.  The regression line for the regular years is even 

higher than the sporadic one (Figure 32). 

5.8 STA_SE (Steady Expression, STA#002) 

It is often said that Southern Taurids are active from 

September to December, but they are composites of ANT 

activities.  We can recognize two distinct meteor showers: 

STA_SE and STA_SF.  We use the code STA for this 

activity because of the IAU code, although STA_SE is 

located in Aries.  This activity is the second in rank within 

the so-called STA-activities but the maximum is uncertain 

(λʘ = 203°) and the mean magnitude is the faintest one 

among the 14 meteor major showers (Figure 34). 

 

Figure 34 – The sliding mean of the number of Southern Taurids 

SE activity (solid line, blue) and of the absolute magnitude (dotted 

line, orange) using with 1 solar longitude bin; the number is 

divided by the number of years of the observations. 

 

Figure 35 – The solid line indicates the result of the linear 

regression analysis for the Southern Taurids SE, between  

MA = –4~+2, crosses on both sides are excluded from the analysis 

because of the scarcity of the data. 

 

STA_SE is so unique that its magnitude slope shows an 

ascending slope; this shower is richer in faint meteors than 

the sporadic activity (Figure 35).  It should be stressed we 

have to distinguish two ‘STA’ components because of the 

magnitude distribution on top of the difference in the 

maximum date. 
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The beginning height of STA_SE is almost parallel to the 

sporadic one although higher and clearly different from 

STA_SF (Figure 36). 

 

Figure 36 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the Southern Taurids SE 

as a solid line. 

5.9 STA_SF (Sharply Fluctuating STA#002) 

This activity fluctuates from year to year; the enhanced 

activities were observed in 2008, 2012, 2015, and 2022 

although this search was done before the apparition in 2022.  

Although STA_SF is more active than STA_SE at the 

maximum (λʘ = 222°) even during regular years 

(Figure 37), the meteor rates exceed several times the 

regular activity level during these enhanced years and the 

mean magnitude becomes about 1 magnitude brighter 

(Figure 38). 

The magnitude slope during the enhanced years is clearly 

different from the regular years; this shower produces many 

fireballs in its enhanced years similar to CAP, though 

meteors are fainter than NTA and inconspicuous in the 

regular years (Figure 39).  

 

Figure 37 – The sliding mean of the number of Southern Taurids 

SF regular activity (solid line, blue) and of the absolute magnitude 

(dotted line, orange) using with 1 solar longitude bin; the number 

is divided by the number of years of the observations. 

 

Figure 38 – The sliding mean of the number of Southern Taurids 

SF enhanced activity (solid line, blue) and of the absolute 

magnitude (dotted line, orange) using with 1 solar longitude bin; 

the number is divided by the number of years of the observations. 

 

Figure 39 – The solid line indicates the result of the linear 

regression analysis for the Southern Taurids SF during enhanced 

activity, the dotted line for the regular activity, between  

MA = –4~+2, crosses on both sides are excluded from the analysis 

because of the scarcity of the data. 

 

Figure 40 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the Southern Taurids SF 

during regular activity as a solid line. 
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Figure 41 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the Southern Taurids SF 

during enhanced activity as a solid line. 

 

The beginning height of enhanced years (Figure 41) clearly 

shows a descending slope and suggests this activity might 

be of cometary origin and be near the core of emitted dust.  

Even the line of regular years (Figure 40) is not an 

ascending slope like STA_SE shows (Figure 36). 

5.10 Northern Taurids (NTA#017) 

The activity of NTA continues over a month and shows an 

uncertain peak around λʘ = 230°, the activity fluctuates 

randomly from year to year (Figure 42).  The mean 

magnitude seems brighter than the regular year activity of 

STA_SF. 

 

Figure 42 – The sliding mean of the number of Northern Taurids 

(solid line, blue) and of the absolute magnitude (dotted line, 

orange) using with 1 solar longitude bin; the number is divided by 

the number of years of the observations. 

 

Though the magnitude slope suggests that NTA belongs to 

the ecliptic meteor showers, NTA becomes a central 

activity of the three Taurids, or, STA_SE, STA_SF, and 

NTA itself, because NTA has a rather steeper slope (Figure 

43). 

Figure 44 of the NTA shows an intermediate property 

between the enhanced and the regular years of STA_SF. 

 

Figure 43 – The solid line indicates the result of the linear 

regression analysis for the Northern Taurids, between  

MA = –4~+2, crosses on both sides are excluded from the analysis 

because of the scarcity of the data. 

 

Figure 44 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the Northern Taurids as 

a solid line. 

5.11 Leonids (LEO#013) 

 

Figure 45 – The sliding mean of the number of Leonids (solid line, 

blue) and of the absolute magnitude (dotted line, orange) using 

with 1 solar longitude bin; the number is divided by the number of 

years of the observations. 
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Leonids are now in a low activity period, but the mean 

magnitude shows this is the brightest meteor shower, 

moreover, the mean magnitude shows distinct brightening 

around the maximum (Figure 45). 

Leonid activity is rather low, but the slope is the second 

steepest (Figure 46) after the Perseids.  We can enjoy 

several Leonid fireballs during the maximum activity of this 

shower. The regression line of the Leonids (Figure 47) 

clearly indicates a cometary origin, although the shower is 

in a calm period of activity. 

 

Figure 46 – The solid line indicates the result of the linear 

regression analysis for the Leonids, between MA = –4~+2, crosses 

on both sides are excluded from the analysis because of the 

scarcity of the data. 

 

Figure 47 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of Leonids as a solid line. 

5.12 Sigma Hydrids (HYD#016) 

The activity covers nearly a month. Meteor rates peak 

around λʘ = 255° but the mean magnitude does not show 

significant changes (Figure 48).  The σ-Hydrids seem richer 

in bright meteors than GEM. The slope is more gentle than 

in the cases of GEM and COM, although HYD has a Halley-

type orbit (Figure 49). The beginning height is slightly 

above the sporadic ones (Figure 50).  The perihelion 

distance is closer to the Sun than for STA and NTA, and 

meteoroids of HYD might have lost their fragility. 

 

Figure 48 – The sliding mean of the number of sigma Hydrids 

(solid line, blue) and of the absolute magnitude (dotted line, 

orange) using with 1 solar longitude bin; the number is divided by 

the number of years of the observations. 

 

Figure 49 – The solid line indicates the result of the linear 

regression analysis for the sigma Hydrids, between MA = –4~+2, 

crosses on both sides are excluded from the analysis because of 

the scarcity of the data. 

 

Figure 50 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the sigma Hydrids as a 

solid line. 
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5.13 Geminids (GEM#004) 

 

Figure 51 – The sliding mean of the number of Geminids (solid 

line, blue) and of the absolute magnitude (dotted line, orange) 

using with 1 solar longitude bin; the number is divided by the 

number of years of the observations. 

 

Figure 52 – The solid line indicates the result of the linear 

regression analysis for the Geminids, between MA = –4~+2, 

crosses on both sides are excluded from the analysis because of 

the scarcity of the data. 

 

Figure 53 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the Geminids as a solid 

line. 

It is well known that the peak of brighter Geminids appears 

later than that of fainter ones.  The mean magnitude reaches 

the minimum after the maximum of the meteor rates 

(Figure 51).  Geminids have other interesting properties, 

and we study them in Section 6. The magnitude distribution 

of GEM is unique and suggests that the number of meteors 

brighter than MA < –2 sharply drops (Figure 52).  We will 

study this in detail in the next section comparing with the 

Perseids. The regression line of GEM is almost the same as 

the sporadic one (Figure 53); meteoroids of GEM are not 

porous like those of cometary origin.  The perihelion 

distance of GEM is the second smallest of the 14 major 

showers and makes GEM similar in appearance to SDA. 

5.14 Comae Berenicids (COM#020) 

 

Figure 54 – The sliding mean of the number of Comae Berenicids 

(solid line, blue) and of the absolute magnitude (dotted line, 

orange) using with 1 solar longitude bin; the number is divided by 

the number of years of the observations. 

 

Figure 55 – The solid line indicates the result of the linear 

regression analysis for the Comae Berenicids, between  

MA = –4~+2, crosses on both sides are excluded from the analysis 

because of the scarcity of the data. 

 

Meteor rates reach their maximum around λʘ = 268° and the 

radiant locates in Leo Minor then.  The mean magnitude 

reaches its brightest level at the peak of the activity  

(Figure 54).  COM produces bright meteors like the 

Perseids do when meteor rates are high, but COM is not so 
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familiar to visual observers because the meteor rates of 

COM are much lower than for the Perseids. 

COM was detected by photographic observations and is one 

of the major targets in video observations.  Comae 

Berenicids are richer in bright meteors than sigma Hydrids 

because the slope is steeper than in the case of sigma 

Hydrids (Figure 55).  COM seems to be a more difficult 

target for visual observers than HYD. 

The regression line for COM is not so high and steeper than 

the sporadic one, compared to the Perseids and the Leonids 

(Figure 56). These meteoroids may have lost their fragility 

because of an old age. 

 

Figure 56 – The result of the linear regression for sporadic 

meteors is shown as a dashed line, that of the Comae Berenicids 

as a solid line. 

6 The peculiarity of Geminids: 

comparison with Perseids 

The magnitude distribution of the Geminids is unique as 

pointed out above (see Figure 51). It is not represented as a 

line but as a smooth curve even if we use the ratio between 

shower meteors and sporadic meteors (see Figure 52).  We 

study the magnitude distribution of the Geminids in detail 

in function of the solar longitude compared to the Perseids. 

6.1. Magnitude distribution of the Perseids in 

function of solar longitude 

We divide the data into 24 groups with 1000 meteors each 

in function of the solar longitude and show the magnitude 

distributions of 24 groups in Figures 58–63.  The first graph 

represents the first four groups: λʘ = 124.51°, λʘ = 129.59°, 

λʘ = 131.49°, and λʘ = 132.59°, each given as the mean 

solar longitude of the meteors within the interval with 1000 

meteors (Figure 58).  These four plots are in good 

agreement with each other. The following five graphs are 

similar.  We calculate the slopes of the range between 

MA = –4~+2 to study the change of the slopes in function of 

the solar longitude; the range could be extended to a 

brighter magnitude of MA < –4, however the numbers of 

meteors are small.  It is unclear why these lines seem to 

bend and increase after MA > +2, the trains left by Perseid 

meteors may make them easier to record than sporadic 

meteors, anyway the number of meteors is rather low. 

 

Figure 57 – The change of the magnitude distribution slopes of the 

Perseids in function of solar longitude compared with the mean 

magnitude shift.  The slope (solid line) changes synchronously 

with the mean magnitude (dashed line). 

 

The slopes change with time and reach the deepest point 

during the maximum (Figure 57); we can calculate the 

magnitude ratio easily as mentioned above and the 

summary results are given in Table 5.  We also realize that 

this change coincides with the shift of the mean absolute 

magnitude calculated for the same solar longitude period 

using the slope. This is the explanation for the bulging seen 

with the Perseids in Figure 27.  Almost all meteor showers 

show the smallest mean absolute magnitude at their 

maximum activity (see Figures 11, 14, 17, 20, 23, 26, 29, 

30, 34, 37, 38, 42, 45, 48, 51 and 54).  It is difficult to 

confirm the universal correlation of the mean absolute 

magnitude with the slope of the logarithm distribution of the 

ratio of shower meteors to the sporadic ones because 

dividing the data into enough sizes to analyze the change of 

the slopes is difficult for other meteor showers, except for 

Geminids and Perseids.  We may assume that the change of 

the slope with time as seen in the Perseids is similar for 

other showers. 

5.2. Magnitude distribution of the Geminids in 

function of solar longitude 

We divide the data into 35 groups with 1000 meteors each 

in function of the solar longitude and show the magnitude 

distribution in Figures 64–72.  The first graph represents 

the first four groups: λʘ = 249.71, λʘ =256.35, λʘ =258.28, 

and λʘ =259.20 given as the mean solar longitude for each 

time bin with 1000 meteors (Figure 64).  We calculate the 

slopes of the range between MA = –2~+2 to study the 

change of the slope in function of the solar longitude; the 

lines clearly change with time and the curved profiles do not 

permit us to use a wider magnitude range like we did for the 

Perseids.  The summary results for the Geminids are given 

in Table 6. We focus on the two differences between 

Perseids and Geminids: the large fluctuation range of the 

slopes and the mean magnitude, and the curved profiles 

brighter than MA < –2. 
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Figure 58 – The magnitude distributions of the Perseids for the 

time bins with 1000 meteors at λʘ = 124.51°, λʘ = 129.59°,  

λʘ = 131.49°, and λʘ = 132.59°. 

 

Figure 59 – The magnitude distributions of the Perseids for the 

time bins with 1000 meteors at λʘ = 133.73°, λʘ = 134.65°,  

λʘ = 135.57°, and λʘ = 136.64°. 

 

Figure 60 – The magnitude distributions of the Perseids for the 

time bins with 1000 meteors at λʘ = 137.48°, λʘ = 138.26°,  

λʘ = 138.79°, and λʘ = 139.24°. 

 

Figure 61 – The magnitude distributions of the Perseids for the 

time bins with 1000 meteors at λʘ = 139.47°, λʘ = 139.65°,  

λʘ = 139.92°, and λʘ = 140.12°. 

 

Figure 62 – The magnitude distributions of the Perseids for the 

time bins with 1000 meteors at λʘ = 140.27°, λʘ = 140.46°,  

λʘ = 140.77°, and λʘ = 141.14°. 

 

Figure 63 – The magnitude distributions of the Perseids for the 

time bins with 1000 meteors at λʘ = 141.56°, λʘ = 142.34°,  

λʘ = 143.94°, and λʘ = 149.49°. 
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Table 5 – The changes for the Perseids in the slope, the magnitude ratio (r), and the mean absolute magnitude (MA) along with solar 

longitude (λʘ). 

λʘ (°) 124.51 129.59 131.49 132.59 133.73 134.65 135.57 136.64 137.48 138.26 138.79 139.24 

slope –0.163 –0.208 –0.178 –0.122 –0.2 –0.207 –0.206 –0.177 –0.201 –0.22 –0.242 –0.206 

r 2.68 2.42 2.59 2.95 2.46 2.42 2.43 2.6 2.46 2.35 2.24 2.43 

MA –1.38 –1.62 –1.51 –1.35 –1.56 –1.57 –1.57 –1.54 –1.54 –1.65 –1.74 –1.69 

λʘ (°) 139.47 139.65 139.92 140.12 140.27 140.46 140.77 141.14 141.56 142.34 143.94 149.49 

slope –0.196 –0.222 –0.212 –0.22 –0.238 –0.214 –0.225 –0.231 –0.166 –0.18 –0.144 –0.084 

r 2.49 2.34 2.39 2.35 2.26 2.38 2.33 2.29 2.66 2.58 2.8 3.22 

MA –1.51 –1.82 –1.75 –1.7 –1.72 –1.66 –1.72 –1.66 –1.5 –1.49 –1.39 –1.2 

 

Table 6 – The changes for the Geminids in the slope, the magnitude ratio (r), and the mean absolute magnitude (MA) along with solar 

longitude (λʘ). 

λʘ (°) 249.71 256.35 258.28 259.2 259.89 260.32 260.6 260.76 260.95 261.13 261.26 261.39 

slope –0.008 –0.092 –0.09 –0.122 –0.04 –0.003 –0.047 –0.06 –0.142 –0.137 –0.089 –0.102 

r 3.31 2.73 2.74 2.54 3.08 3.35 3.02 2.94 2.43 2.46 2.74 2.67 

MA –0.23 –0.52 –0.44 –0.6 –0.37 –0.34 –0.44 –0.53 –0.72 –0.63 –0.46 –0.55 

λʘ (°) 261.5 261.57 261.62 261.67 261.71 261.76 261.83 261.91 261.97 262.02 262.08 262.14 

slope –0.142 –0.181 –0.171 –0.079 –0.119 –0.133 –0.232 –0.194 –0.173 –0.203 –0.244 –0.326 

r 2.43 2.22 2.28 2.81 2.57 2.48 1.97 2.16 2.26 2.11 1.92 1.59 

MA –0.57 –0.73 –0.7 –0.58 –0.65 –0.67 –0.82 –0.74 –0.81 –0.91 –0.93 –1.12 

λʘ (°) 262.21 262.28 262.35 262.41 262.47 262.53 262.59 262.67 262.78 262.97 264.77  

slope –0.367 –0.298 –0.273 –0.295 –0.237 –0.294 –0.361 –0.348 –0.267 –0.253 –0.129  

r 1.45 1.7 1.8 1.71 1.95 1.71 1.47 1.51 1.82 1.88 2.51  

MA –1.27 –1.24 –1.23 –1.2 –1.3 –1.25 –1.44 –1.47 –1.34 –1.3 –0.75  

 

 

 

Figure 64 – The magnitude distributions of the Geminids for the 

time bins with 1000 meteors at λʘ = 249.71°, λʘ = 256.35°,  

λʘ = 258.28°, and λʘ = 259.20°. 

 

Figure 65 – The magnitude distributions of the Geminids for the 

time bins with 1000 meteors at λʘ = 259.89°, λʘ = 260.32°,  

λʘ = 260.60°, and λʘ = 260.76°. 



2023 – 3 eMeteorNews 

168 © eMeteorNews 

 

Figure 66 – The magnitude distributions of the Geminids for the 

time bins with 1000 meteors at λʘ = 260.95°, λʘ = 261.13°,  

λʘ = 261.26°, and λʘ = 261.39°. 

 

Figure 67 – The magnitude distributions of the Geminids for the 

time bins with 1000 meteors at λʘ = 261.50°, λʘ = 261.57°,  

λʘ = 261.62°, and λʘ = 261.67°. 

 

Figure 68 – The magnitude distributions of the Geminids for the 

time bins with 1000 meteors at λʘ = 261.71°, λʘ = 261.76°,  

λʘ = 261.83°, and λʘ = 261.91°. 

 

Figure 69 – The magnitude distributions of the Geminids for the 

time bins with 1000 meteors at λʘ = 261.97°, λʘ = 262.02°,  

λʘ = 262.08°, and λʘ = 262.14°. 

 

Figure 70 – The magnitude distributions of the Geminids for the 

time bins with 1000 meteors at λʘ = 262.21°, λʘ = 262.28°,  

λʘ = 262.35°, and λʘ = 262.41°. 

 

Figure 71 – The magnitude distributions of the Geminids for the 

time bins with 1000 meteors at λʘ = 262.47°, λʘ = 262.53°,  

λʘ = 262.59°, and λʘ = 262.67°. 
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Figure 72 – The magnitude distributions of the Geminids for the 

time bins with 1000 meteors at λʘ = 262.78°, λʘ = 262.97°, and 

λʘ = 264.77°. 

 

Figure 73 – The change of the magnitude distribution slopes of the 

Geminids in function of solar longitude compared with the mean 

magnitude shift.  The slope (solid line) changes synchronous with 

the mean magnitude (dashed line). 

 

 

Figure 74 – The change of the difference in the slopes  

(MA = –2~+2 and MA = –4~–2) along with solar longitude 

compared with the activity profile of Geminids. 

 

The changes in the slopes of the magnitude distribution are 

related to the change in the mean absolute magnitude, and 

the slope reaches the lowest value a little while after the 

activity maximum the same way the mean absolute 

magnitude does (Figure 73).  Both curves show a larger and 

more drastically fluctuation than in the case of the Perseids. 

We can compare Figure 73 with Figure 57 visually as both 

are drawn on the same scale.  This is the first point; the plot 

appears narrow and steep. 

The second point is the inflection of the graph around  

MA = –2 (see Figures 64–72).  Though we can recognize 

this in figures, the changes in the slope between  

MA = –4~–2 represent the peculiarity of Geminids more 

clearly.  We calculate the difference between the two 

slopes, the reference slope for the Geminids (MA = –2~+2) 

and the targeted slope (MA = –4~–2).  Both are positive over 

the entire period, that is, the graph is always convex.   

Figure 74 compares this difference in the slope with the 

activity profile.  The fluctuations occur around the activity 

maximum, the difference of over 0.4 means that the bending 

angle is about 20 degrees.  It is noteworthy to point out that 

brighter meteors MA < –2 in the Geminids decrease in 

number instead of increasing and, moreover, this tendency 

is remarkable at the activity maximum. 

7 Discussions 

Video observations have problems not only with their 

photometric techniques but also with the perception 

depending on the magnitude and the geocentric velocity of 

meteors.  It should be stressed that this research is based on 

SonotaCo net data and that the magnitude distributions of 

sporadic meteors differ depending on observational 

techniques (Koseki, 2015). Therefore, the slopes shown in 

Table 2 and the relation drawn in Figure 8 should not be 

applied to other video observation data. 

However, we confirm that we can assume that the 

perception coefficients for shower meteors are equal to the 

sporadic ones if we choose the same magnitude range and 

the same velocity range.  We can show that the magnitude 

distribution compensated by the sporadic ones works well 

for determining the magnitude ratio of shower meteors.  The 

beginning height of meteors also offers clues to get 

information about the property of the meteoroids by 

comparing them with sporadic ones.  It is suggested that we 

can get useful information in this way from any video 

observation groups. 

We established interesting information about 14 major 

meteor showers, especially for the Perseids and the 

Geminids. 

The magnitude ratio represents the mass distribution in the 

meteoroid streams, and we can obtain it by video data to 

compare 14 major showers with each other.  We can 

establish the difference between Perseids and Geminids in 

the magnitude ratio of the meteoroids, and the changes in 

the magnitude ratio in function of the solar longitude in the 

case of the Perseids and the Geminids. 
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Figure 75 – The beginning height (blue) and ending (orange) of 

the Perseids in function of the radiant elevation. 

 

Figure 76 – The beginning height (blue) and ending (orange) of 

the Geminids in function of the radiant elevation. 

 

The beginning height of meteors is an indicator for the 

meteoroid’s property; a porous meteoroid emits light at a 

higher altitude than a sporadic one.  We can add one more 

example; the beginning height and the ending height show 

the singularity of Geminids.  Perseid meteors ablate at lower 

altitudes with a lower radiant elevation angle, but Geminids 

display an opposite situation (Figures 75 and 76). 

The magnitude and the beginning height data obtained from 

video observations offer very useful clues to investigate the 

structure of meteoroid streams. 
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A new meteor shower on a JFC-type orbit has been detected in 2023 by the Global Meteor Network during the time 

interval 295.0° < λʘ < 299.0° (January 15–19) from a radiant at R.A. = 235° and Decl.= +61° with a geocentric 

velocity of 32.8 km/s. This radiant position is east from the known gamma-Ursae Minorids (GUM#0404) meteor 

shower which has its strongest activity when the new shower activity ends. The new meteor shower has been listed 

in the Working List of Meteor Showers under the temporary identification M2023-D2. 

 

 

 

 

1 Introduction 

The Global Meteor Network radiant map for January 16–17 

2023 (Figure 1) showed a remarkable concentration at a 

distinct distance east from the known gamma-Ursae 

Minorids (GUM#0404). This possible new shower appears 

earlier in time than the gamma-Ursae Minorids and 

disappears once GUM reaches more significant activity. 

This is also visible on the radiant plot obtained by CAMS 

where a concentration of unidentified radiants appears east 

from the early GUM-radiants well in advance before the 

gamma-Ursae Minorids appear as a strong concentration on 

the map. However, most of the radiants shown on the 

CAMS map (Figure 11) are in fact taken from the Global 

Meteor Network data and display the same radiants. 

2 Meteor shower search methodology 

Once a group of meteoroid orbits has been detected on 

GMN plots, the method used for the determination of the 

shower parameters consists of the following steps. 

At first, radiant positions are being roughly estimated in 

Sun-centered geocentric ecliptic coordinates λg – λʘ, βg. 

Also, the solar longitude range during which the radiant can 

be seen on plots, as well as a rough radius of radiant 

dispersion are determined. The radius is usually taken to be 

a couple of degrees larger than the actual size in order to 

cover all contributing radiants. 

 

 

Figure 1 – Radiant plot of the Global Meteor Network data for 2023 January 16–17 in Sun-centered geocentric ecliptic coordinates. The 

new radiant is visible left of the GUM radiant and is marked by a red arrow.  
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Figure 2 – Histogram of the distribution of the values of the DSH 

criterion valid for the first mean orbit estimate. 

 

Figure 3 – Histogram of the distribution of values of the DSH 

criterion valid for the final mean orbit. 

 

Figure 4 – Rayleigh distribution fit and DSH cutoff. 

 

The numeric average orbit of the radiants that satisfy the 

criteria is computed and we calculate the Southworth and 

Hawkins (1963) D-criterion for each selected orbit and the 

reference mean orbit. The resulting distribution of  

D-criteria plotted as a histogram (Figure 2) allows us to 

select the histogram bin containing most meteors. This bin 

is often not the bin with the smallest D-criterion value, 

indicating that it follows a Rayleigh distribution. 

Next, we recompute the mean orbit using only these core 

orbits and the updated D-criterion distribution is shown in 

Figure 3. We then fit a Rayleigh distribution to the 

computed offsets and choose a D-criterion cutoff value at 

the 95th percentile (Figure 4). In case the fit fails, we 

estimate the D-criteria cutoff in a manual way, by picking 

the smallest D-criteria value covering the left part of the 

distribution down to local minima count. The Raileigh 

distribution may not be the correct choice of the D-criteria 

distribution for all cases, but the estimated D-criteria cutoff 

in this case shows that the remaining non-shower orbits are 

not affected by the extraction from the dataset of new 

shower ones (see Figure 5). This D-criteria cutoff is then 

used to isolate only orbits satisfying it, and from this set of 

orbits the mean orbital parameters and radiant positions are 

calculated using the method of Jopek et al. (2006). On the 

radiant and Π – i plots, circles represent the part of the 

radiants we want to emphasize while pale diamonds 

represent alternative ones, both solar longitude color-coded. 

Dimensions of circles/diamonds represent the estimated 

magnitudes (smallest being faintest), while error bars 

represent a 2-sigma error of the plotted parameter. 

 

Figure 5 – All radiants in geocentric equatorial coordinates during 

the shower activity. The gray crosses are the new shower radiants, 

you can see the GUM radiants in the upper right. 

 

Figure 6 – The reverse of Figure 5, where the background radiants 

are now grayed out, all radiants in geocentric equatorial 

coordinates. The GUM shower radiants may be clearly seen as a 

separate group of orbits at their expected radiant positions (up and 

right from the new shower). 

 

The shower radiants are compared to the sporadic 

background in Figures 5 and 6. The concentration of the 

orbits is also shown in the diagram of the inclination i 
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against longitude of perihelion Π (Figure 7). The activity 

period appears within the time interval 

295.0° < λʘ < 299.0° (Figure 8). 

 

Figure 7 – The diagram of the inclination i against longitude of 

perihelion Π. The GUM shower radiants may be clearly seen as a 

separate group of orbits (down and right from the new shower). 

 

Figure 8 – The activity period with the number of orbits identified 

as new shower members. 

3 New shower or existing shower? 

Before making claims that the detected activity qualifies to 

be listed as a new meteor shower, the known existing 

meteor showers active around this time from this part of the 

sky have to be checked. The first suspect candidate is the 

afore mentioned gamma-Ursae Minorid meteor shower. In 

equatorial geocentric coordinates, the radiant 

concentrations appear as close neighbors as well as in Sun- 

centered ecliptic geocentric coordinates. As the new shower 

activity appears east and earlier than the bulk of the GUM-

activity, the off-set in radiant positions cannot be explained 

by radiant drift. The Tisserand relative to Jupiter proves 

both are JFC-type orbits (Table 1). The orbits differ mainly 

by ~7° in inclination and ~12° in longitude of perihelion. 

Further verification of the IAU MDC Working List of 

Meteor Showers (Jenniskens et al., 2020; Jopek and 

Kaňuchová, 2014; 2017; Jopek and Jenniskens, 2011; 

Neslušan et al., 2020) reveals two more candidate 

meteoroid streams, about 10 days earlier in time from a 

radiant position close to that of the possible new meteor 

shower, in equatorial as well as in Sun-centered ecliptic 

coordinates. However, these two showers appear to be an 

erroneous duplicated entry, listed as the January eta-

Draconids (JED#1099) and January iota-Draconids 

(JID#1107) by Jenniskens (2022). Both orbits have a 

Tisserand value relative to Jupiter typical for long period 

comet type orbits with a distinct different eccentricity e 

compared to the possible new shower. The longitude of 

perihelion differs by ~15°. The different nature of this orbit 

compared to the one of the possible new shower, which has 

a JFC-type orbit, excludes that JED or JID represent the 

same meteoroid stream. 

Table 1 – Known neighboring showers, gamma-Ursae Minorids 

(GUM#0404, Shiba, 2022), January eta-Draconids (JED#1099), 

Jenniskens, 2022), January iota-Draconids (JID#1107), 

Jenniskens, 2022) and the new meteor shower. 

 GUM JED JID New 

λʘ (°) 299.7 287.6 286.9 296.3 

λʘb (°) 296.2 – – 295.5 

λʘe (°) 304.9 – – 298.9 

αg (°) 229.0 237.3 236.3 235.2 

δg (°) +67.7 +62.6 +62.3 +60.7 

Δαg (°) 0.99 – – – 

Δδg (°) –0.70 – – – 

vg (km/s) 29.4 37.3 37.3 32.8 

λ (°) 157.1 180.5 180.6 184.2 

λg – λʘ (°) 217.4 252.9 253.7 247.1 

βg (°) +74.3 +75.6 +75.1 +73.7 

a (A.U.) 2.79 25.6 19.4 2.73 

q (A.U.) 0.952 0.979 0.979 0.973 

e 0.659 0.962 0.950 0.644 

i (°) 48.0 59.5 59.6 55.3 

ω (°) 203.1 187.4 187.7 193.1 

Ω (°) 299.7 287.5 286.9 297.1 

Π (°) 142.8 114.9 114.6 130.2 

Tj 2.60 0.82 0.88 2.54 

N 60 28 21 29 

 

4 Another search method 

Another method has been applied to check this new meteor 

shower discovery. The starting point here can be any 

visually spotted concentration of radiant points or any other 

indication for the occurrence of similar orbits. The method 

has been described before (Roggemans et al., 2019). The 

main difference with the method described in Section 2 is 

that three different discrimination criteria are combined in 

order to have only those orbits which fit different criteria. 

Instead of using a cutoff value for the D-criteria these values 

are considered in different classes with different thresholds 

of similarity. Depending on the dispersion and the type of 

orbits, the most appropriate threshold of similarity is 

selected to locate the best fitting mean orbit as a result of an 

iterative procedure. 
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Applying this search method, the same orbits are found as 

with the higher described method. Figure 9 shows the 

radiants in Sun-centered geocentric ecliptic coordinates 

with the sporadic background (black), the gamma-Ursae 

Minorids (blue) and two similarity classes for the new 

shower (yellow and red). The average radiant of the new 

shower is east of that of the gamma-Ursae Minorid radiants. 

 

Figure 9 – Close up of the Sun-centered ecliptic geocentric 

coordinates for the possible new shower and the orbits identified 

as gamma-Ursae Minorids. 

 

Figure 10 – Diagram of the inclination i against the longitude of 

perihelion Π for the new shower and the gamma-Ursae Minorids. 

 

The offset in the concentration of orbits is also very obvious 

in the diagram showing the inclination i against the 

longitude of perihelion Π (Figure 10). The 12 best fitting 

orbits within the interval 295.0° < λʘ < 299.0°, according to 

this method yield a mean orbit which is in perfect agreement 

with the results presented in Table 1. 

• a = 2.75 AU 

• q = 0.974 AU 

• e = 0.6465 

• i = 55.6° 

• Ω = 296.80° 

 
2 https://www.ta3.sk/IAUC22DB/MDC2022/Roje/pojedynczy_ob

iekt.php?lporz=01595&kodstrumienia=01215 

• ω = 192.52° 

5 Comparing older data and other 

datasets 

Looking up past years orbit data for Global Meteor 

Network, we find only 16 similar orbits with DSH < 0.1 and 

DD < 0.04 for the period 2019 to 2022. Checking the CAMS 

data for 2011–2016 we also find 16 similar orbits with 

DSH < 0.1 and DD < 0.04. The SonotaCo data for 2007–2021 

yield 12 orbits with DSH < 0.1 and DD < 0.04. And 

EDMOND data for 2006–2016 had only 6 similar orbits 

with DSH < 0.1 and DD < 0.04. 2023 appears to be the first 

year with noticeable activity for this new shower. 

As mentioned in the introduction, the new shower appears 

also as a group of unidentified radiants on the CAMS map 

for January 16–17 (Figure 11). However, this data consists 

meanly of GMN data and it is not possible to select only 

CAMS data in this display. 

 

Figure 11 – Radiant plot for CAMS on 2023 January 17. The 

radiant concentration is indicated with a red arrow. 

6 Conclusion 

A new meteor shower radiant has been discovered in Global 

Meteor Network data around 2023 January 16–17 with a 

radiant close but still distinct from the known gamma-Ursae 

Minorids. A mean orbit could be established based on 29 

orbits. The new shower and the GUM orbits being of the 

same type and relatively close apart in space, may be 

somehow related and belong to a small complex of common 

origin. 

The new meteor shower has been reported to the IAU and 

has been listed in the Working List of Meteor Showers2 

under the temporary identification M2023-D2. 

 

 

https://www.ta3.sk/IAUC22DB/MDC2022/Roje/pojedynczy_obiekt.php?lporz=01595&kodstrumienia=01215
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Neslušan L., Poručan V., Svoreň J., Jakubík M. (2020). “On 

the new design othe IAU MDC portal”. WGN, 

Journal of the International Meteor Organization, 

48, 168–169. 

Roggemans P., Johannink C. and Campbell-Burns P.  

(2019a). “October Ursae Majorids (OCU#333)”. 

eMetN, 4, 55–64. 

Shiba Y. (2022). “Jupiter Family Meteor Showers by 

SonotaCo Network Observations”. WGN, Journal of 

the International Meteor Organization, 50, 38–61. 

Southworth R. B. and Hawkins G. S. (1963). “Statistics of 

meteor streams”. Smithsonian Contributions to 

Astrophysics, 7, 261–285. 

 

 



eMeteorNews 2023 – 3 

© eMeteorNews 177 

New meteor shower in Bootes 
Damir Šegon1, Denis Vida2 and Paul Roggemans3 

1 Astronomical Society Istra Pula, Park Monte Zaro 2, 52100 Pula, Croatia 

2 Department of Earth Sciences, University of Western Ontario, London, Ontario, N6A 5B7, Canada 

denis.vida@gmail.com 

3 Pijnboomstraat 25, 2800 Mechelen, Belgium 

paul.roggemans@gmail.com 

A new meteor shower on a LPC-type orbit has been detected in 2022 by the Global Meteor Network during the time 

interval 282.41° < λʘ < 282.83° (2022, January 2–3) from a radiant at R.A. = 219° and Decl.= +28° with a geocentric 

velocity of 58.9 km/s. The new meteor shower has been listed in the Working List of Meteor Showers under the 

temporary identification M2023-D1. 

 

 

1 Introduction 

Verification of older radiant plots of the Global Meteor 

Network revealed a radiant concentration south of the 

Quadrantid radiant, active for as little as 10 hours during the 

night of 2–3 January 2022 (Figure 1). 

2 Meteor shower search methodology 

The method has been described in Šegon et al. (2023), but 

for this specific case we choose not to use the Southworth 

and Hawkins (1963) D-criterion, but the criterion defined 

by Valsecci et al. (1999). The idea to use another 

discrimination criterion is to show that this method works 

regardless the kind of criterion which is applied. The 

resulting distribution of D-criteria plotted as a histogram 

(Figure 2) allows us to select the histogram bin containing 

most meteors. 

 

Figure 2 – Histogram of the distribution of the values of the DV 

criterion valid for the first mean orbit estimate. 

 

 

Figure 1 – Radiant plot of the Global Meteor Network data for 2022 January 2–3 in Sun-centered geocentric ecliptic coordinates. The 

new radiant is visible south of the QUA radiant and is marked by a red arrow. 

mailto:denis.vida@gmail.com
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Figure 3 – Rayleigh distribution fit and DV cutoff. 

 

Figure 4 – All radiants in geocentric equatorial coordinates during 

the shower activity. The gray crosses are the new shower radiants, 

you can see the QUA radiants in the upper left. 

 

Figure 5 – The reverse of Figure 4 where the background radiants 

are now grayed out, all radiants in geocentric equatorial 

coordinates. The QUA shower radiants may be clearly seen as a 

separate group of orbits at their expected radiant positions (up and 

left from the new shower). 

 

The Rayleigh distribution fit results in DV = 0.09. The 

resulting mean orbit calculated with the method of Jopek et 

al. (2006) is listed in Table 1. The radiant plot in equatorial 

coordinates is shown in Figures 4 and 5. The activity period 

appears to be very short, about 10 hours within the interval 

282.41° < λʘ < 282.83° (Figure 6).  

 

Figure 6 – The activity period with the number of orbits identified 

as new shower members. 

 

Figure 7 – The diagram of the inclination i against longitude of 

perihelion Π. The QUA shower radiants may be clearly seen as a 

separate group of orbits (down and right from the new shower). 

3 New shower or existing shower? 

Verification of the IAU MDC Working List of Meteor 

Showers (Jenniskens et al., 2020; Jopek and Kaňuchová, 

2014; 2017; Jopek and Jenniskens, 2011; Neslušan et al., 

2020) reveals two meteoroid streams with the same type of 

orbits. One shower is active the same date, the other one 

more than 10 days later in time with slightly different 

radiant positions, in equatorial and in Sun-centered ecliptic 

coordinates.  

Both the Southworth and Hawkins as well as the 

Drummond D-criteria exceed the upper limits to suggest 

any similarity. All three orbits in Table 1 are Long Period-

type comet (LPC) retrograde orbits, but differ mainly in 

longitude of perihelion. Nevertheless, the occurrence within 

a period of weeks with radiants not too far apart may 

suggest some common origin for these same orbit type 

meteoroid streams. The ten-hour duration activity observed 

in 2022 could not be associated with any existing shower 

and therefore has been suggested as a new meteor shower. 
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Table 1 – Known neighboring showers, Canum Venaticids-

Bootids (TCV#0579) and Serpentids-Coronae Borealids 

(RSE#0594), both (Gural et al., 2014) and the new meteor shower. 

 TCV RSE New 

λʘ (°) 282 298 282.66 

λʘb (°) 275 293 282.4 

λʘe (°) 288 303 282.85 

αg (°) 210.1 234.9 218.8 

δg (°) +29.4 +25.1 +28.2 

Δαg (°) 0.69 0.71 – 

Δδg (°) –0.17 –0.20 – 

vg (km/s) 59.9 56.6 58.9 

λ (°) 195.3 224.5 204.9 

λg – λʘ (°) 273.3 286.5 282.2 

βg (°) +38.6 +43.2 +40.8 

a (A.U.) 7.0 10.9 14.9 

q (A.U.) 0.977 0.902 0.9296 

e 0.861 0.917 0.9375 

i (°) 113.7 103.7 109.1 

ω (°) 171.6 145.9 153.1 

Ω (°) 281.8 298.4 282.7 

Π (°) 93.4 84.3 75.7 

Tj 0.27 0.21 -0.04 

N 21 17 18 

 

4 Another search method 

Another method has been applied to search for this new 

meteor shower combining three different discrimination 

criteria (Roggemans et al., 2019). 

 

Figure 8 – Close up of the Sun-centered ecliptic geocentric 

coordinates for the possible new shower and the two known 

showers TCV and RSE. 

 

This stream search detects 18 similar orbits in the 2022 data 

but with a large dispersion. Only 6 of these orbits fit with 

DSH < 0.1 and DD < 0.04. The large spread is very well 

visible in the Sun-centered ecliptic coordinates (Figure 8). 

The positions of the Canum Venaticids-Bootids 

(TCV#0579) and Serpentids-Coronae Borealids 

(RSE#0594) are also marked in this plot to show the offset 

relative to the radiants of the new shower. The diagram of 

inclination i against the longitude of perihelion Π  

(Figure 9) shows the large dispersion in longitude of 

perihelion. 

 

Figure 9 – Diagram of the inclination i against the longitude of 

perihelion Π for the new shower and the two known showers TCV 

and RSE. 

 

The 6 best fitting orbits within the interval 

282.43° < λʘ < 282.85°, according to this method yield a 

mean orbit which is in good agreement with the results 

presented in Table 1. 

• a = 17.9 AU 

• q = 0.926 AU 

• e = 0.948 

• i = 110.9° 

• Ω = 283.1° 

• ω = 151.9° 

• Π = 75.0 

• Tj = –0.12 

5 Comparing older data and other 

datasets 

Looking up past years orbit data for Global Meteor 

Network, we find only 4 similar orbits with DSH < 0.1 and 

DD < 0.04 for 2023. Checking the CAMS data for 2011–

2016 we find 13 similar orbits with DSH < 0.1 and DD < 0.04, 

one or few each year, spread in time. The SonotaCo data for 

2007–2022 yield 4 orbits with DSH < 0.1 and DD < 0.04, only 

one for 2022 at λʘ = 284.0° but nothing during the activity 

interval according to GMN although SonotaCo had 47 

orbits collected in 2022 during this interval.  And 

EDMOND data for 2006–2016 had only 4 similar orbits 

with DSH < 0.1 and DD < 0.04.  

The new shower appears also as a group of unidentified 

radiants on the CAMS map for 2022, January 2–3  

(Figure 10). However, this data includes GMN data and it 

is not possible to select only CAMS data in this display. As 
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CAMS data has not been released publicly since 2016, no 

comparison is possible. 

 

Figure 10 – Radiant plot for CAMS on 2022 January 3. The 

radiant concentration is indicated with a red arrow. 

6 Conclusion 

A new meteor shower radiant has been discovered in Global 

Meteor Network data around 2022 January 2–3 at  

R.A. = 218.7° and Decl. = +28.0°. A mean orbit could be 

established based on 19 orbits. The new shower may be 

related to two nearby meteoroid streams, Canum 

Venaticids-Bootids (TCV#0579) and Serpentids-Coronae 

Borealids (RSE#0594) which have the same type of orbit. 

The new meteor shower has been reported to the IAU and 

has been listed in the Working List of Meteor Showers3 

under the temporary identification M2023-D1. 
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Neslušan L., Poručan V., Svoreň J., Jakubík M. (2020). “On 

the new design othe IAU MDC portal”. WGN, 

Journal of the International Meteor Organization, 

48, 168–169. 

Roggemans P., Johannink C. and Campbell-Burns P.  

(2019a). “October Ursae Majorids (OCU#333)”. 

eMetN, 4, 55–64. 

Šegon D., Vida D., Roggemans P. (2023). “New meteor 

shower in Draco”. eMetN, 8, 171–176. 

Southworth R. B. and Hawkins G. S. (1963). “Statistics of 

meteor streams”. Smithsonian Contributions to 

Astrophysics, 7, 261–285. 

Valsecchi G. B., Jopek T. J., Froeschlé Cl. (1999). 

“Meteoroid stream identification: a new approach – 

I. Theory”. Monthly Notices of the Royal 

Astronomical Society, 304, 743–750. 

https://www.ta3.sk/IAUC22DB/MDC2022/Roje/pojedynczy_obiekt.php?lporz=01594
https://www.ta3.sk/IAUC22DB/MDC2022/Roje/pojedynczy_obiekt.php?lporz=01594


eMeteorNews 2023 – 3 

© eMeteorNews 181 

February Hydrids (FHY#1032) in 2023 
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An outburst of the February Hydrids meteor shower (FHY#1032) was detected in CAMS data during February  

11–17. The meteoroids originated from an unidentified Jupiter family comet. The shower was previously detected 

in 2013 and 2018. The periodicity is consistent with dust trapped in the 5:2 mean motion resonance with Jupiter. 

 

 

 

1 Introduction 

The February Hydrids (IAU shower FHY#1032) is a 

Jupiter-family comet shower that was first recognized in 

2018 from twelve triangulated orbits (Jenniskens et al., 

2018a; 2018b). Three meteors were also triangulated in 

2013, but in other years this shower is mostly absent. 

In 2023, the global Cameras for Allsky Meteor Surveillance 

(CAMS) low-light video-camera networks detected an 

outburst of the February Hydrid meteors (shower 

FHY#1032) (Jenniskens, 2023). (See Figure 1). 

 

Figure 1 – The concentration of February Hydrid radiants 

detected by CAMS. 

2 The 2023 outburst 

The shower was not prominent in any of the individual 

CAMS networks, but a large number of networks recorded 

a few shower members. The following camera networks 

detected this shower: CAMS California (coordinated by  

J. Albers, E. Egland, B. Grigsby, and T. Beck), CAMS 

Florida (A. Howell), CAMS BeNeLux (C. Johannink, M. 

Breukers), Lowell Observatory CAMS (N. Moskovitz, S. 

Hemmelgarn, and B. Rachford), United Arab Emirates 

Astronomical Camera Network (M. Odeh), CAMS 

Arkansas (L. Juneau, S. Austin), CAMS Australia (M. 

Towner, D. Rollinson), CAMS Chile (S. Heathcote, E. 

Jehin, and T. Abbott), CAMS Namibia (T. Hanke, E. Fahl, 

R. van Wyk), and CAMS Texas (W. Cooney). 

In the period of February 11–17, a total of twenty-nine 

February Hydrid meteors were triangulated during the solar 

longitude interval of 321.9° – 327.2° (equinox J2000.0) 

(See Figure 1). The median orbit of 2023 is compared with 

that of 2018 in Table 1. 

 

Table 1 – The median orbital elements, and their standard error on 

the median, for the orbits of the February Hydrids (FHY#1032) 

triangulated in 2023, compared to those measured in 2018 

(Jenniskens et al., 2018b). 

 2018 2023 

λʘ (°) 324.3 324.6 

αg (°) 123.9 123.8 ± 0.1 

δg (°) +1.5 +0.4 ± 0.2 

vg (km/s) 16.4 16.4 ± 0.1 

λ – λʘ (°) 161.6 160.7 

β (°) –17.8 –18.9 

a (AU) 2.68 2.80 ± 0.08 

q (AU) 0.812 0.8223 ± 0.0018 

e 0.697 0.705 ± 0.006 

ω (°) 55.5 53.7 ± 0.2 

Ω (°) 144.3 145.4 ± 0.2 

i (°) 8.3 8.6 ± 0.1 

Π (°) 199.8 199.1 

N 17 29 

 



2023 – 3 eMeteorNews 

182 © eMeteorNews 

 

Figure 2 – The concentration of February Hydrid radiants detected by the Global Meteor Network. Image courtesy of GMN. 

 

3 Discussion 

The activity of this shower was also detected by the Global 

Meteor Network, based on public data (Figure 2). In recent 

years, GMN networks have grown around CAMS 

BeNeLux, LO-CAMS and CAMS Australia, but the other 

CAMS networks above provide an independent detection. 

The nearly 5-year periodicity of the returns and the 2.8 AU 

semi-major axis suggests that the shower is due to dust 

trapped in the 5:2 mean-motion resonance with Jupiter, with 

a corresponding 4.7-year periodicity. If so, the next return 

will be in 2027 and/or 2028. 
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Increased activity 68 Virginid (OAV#00651) in 2023 
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During the night of April 8–9, Yury Harachka and Ruslan Zavadich’s video cameras recorded increased activity of 

the OAV shower (#00651). 

1 Introduction 

Normally, the minor shower OAV can be barely 

distinguished from the generally weak activity of the ANT 

antihelium meteors. However, in 2023, Yuri Harachka 

detected increased activity of this shower. 

The analysis of the video data has been made by Yury 

Harachka from Minsk for the observational data from 

Derazhnoye, Gorodyatichi and Minsk. 

 

Figure 1 – Bright OAV on April 08 at 22h15m13s UT by Yuri 

Harachka on video observations in Derazhnoe. 

 

Figure 2 – Bright OAV on April 10 at 21h18m32s UT by Yuri 

Garachka on video observations in Derazhny. 

 

Figures 1 and 2 show images of bright OAV meteors from 

the video camera. The meteors moved from bottom to top. 

2 Some results 

Of the 8 paired meteors during the night of April 8–9, 3 

formed a perfect and tight fit compared to the theoretical 

OAV radiant. The averaged radiant coordinates and orbital 

elements are compared in Table 1. 
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Table 1 – The average orbit compared to the reference orbit given 

for the 68 Virginids (OAV#00651). 

 2023 
Jenniskens et al. 

(2016) 

λʘ (°) 18.478 ± 0.095 16.0 

αg (°) 203.6 ± 0.7 202.0 

δg (°) –14.5° ± 0.4° –13.5 

vg (km/s) 28.2 ± 0.4 28.9 

a (A.U.) 2.39 ± 0.06 2.36 

q (A.U.) 0.40 ± 0.01 0.392 

e 0.831 ± 0.006 0.842 

ω (°) 108.4° ± 1.6 109.8 

Ω (°) 198.47° ± 0.09 197.4 

i (°) 4.8° ± 0.3 4.7 

Tj 2.93 2.93 

 

3 CAMS Data 

Figure 3 and 4 show OAV shower orbit activity based on 

CAMS data as of April 16, 2023. 

 

Figure 3 – OAV activity (#00651) in 2022 according to CAMS. 

 

Figure 4 – OAV activity (#00651) in 2023 according to CAMS. 

 

Figure 5 – Radiant position OAV on April 11, 2023 according to 

CAMS data. 

 

Figure 5 shows the location of the OAV radiant on April 

11, 2023 at the time of maximum activity. 

 
4 http://www.astronominsk.org/index_en.htm 

4 Conclusion 

Data from the Belarusian video network and CAMS data 

proves that the 68 Virginid (OAV#00651) displayed 

increased activity in 2023. 
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Using GUI RMS on Linux to 

support multiple cameras 
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This document describes the steps necessary to set up and configure a Linux OS system (Ubuntu 20.04) running a 

single instance of RMS supporting multiple stations (cameras). Document sections describe initial Linux setup / 

configuration, RMS installation, adding additional stations (cameras), as well as migrating RPi installed cameras to 

the Linux based system. Most of these tasks are accomplished using provided scripts, which minimize the chance 

for configuration errors.  

A final Tips and Tricks section provides additional information of use both during installation and later operations. 

 

 

1 Introduction 

Ed Harman wrote much of the initial document as well as 

the RMS install scripts and helper scripts. Peter Eschman 

worked with Ed, Bob and Washington to develop this GUI 

RMS Linux system project. Bob and Peter added and 

expanded a number of document sections. 

We used the directory data structure and station specific 

config file approach pioneered by Washington. Denis Vida 

made changes to RMS to support this project. In addition to 

this document, we presented a talk titled “The GUI RMS 

Linux system” in the first session of the 2023 GMN 

conference, however, since then, we have changed our 

scripts directory to the one shown in this revised document. 

We hope that this document will guide you towards creating 

a good GUI RMS Linux system for one or more of your 

cameras. 

In this document, we describe the steps necessary to set up 

and configure a Linux OS system (Ubuntu 20.04) running a 

single instance of RMS supporting multiple stations 

(cameras). Document sections describe initial Linux setup 

and configuration, RMS installation, adding additional 

stations (cameras), as well as migrating RPi installed 

cameras to the Linux based system. Most of these tasks are 

accomplished using scripts we provide, which minimize the 

chance for configuration errors. 

A final Tips and Tricks section provides additional 

information of use both during installation and later 

operations. 

We highly recommend reading through the entire 

document prior to commencing installation. 

2 Overview 

Conventionally an RMS station requires three files unique 

to a single camera: 

• .config 

• platepar_cmn2010.cal 

• mask.bmp 

all of which are located within the /home/pi/source/RMS 

directory on a RPi station (Figure 1). 

 

Figure 1 – Directory scheme on the RPi station. 

 

We have developed scripts to modify this directory layout 

so multiple cameras can be configured under a single user 

and instance of RMS. 

The scripts can be used to turn a ‘vanilla’ Linux Desktop 

host into something that looks like the familiar desktop that 

a user sees on the RMS RPi installation for a single station, 

including desktop launchers for common tasks like: 

• ShowLiveStream 

• StartCapture 

• CMNbinViewer 

Users who are not familiar or comfortable using Linux 

commands from a terminal to perform day to day tasks can 

use familiar GUI tools from the RMS RPi environment. 

 

mailto:peschman@gmail.com
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Figure 2 – Multi-camera RMS directory structure. <station-1>, <station-2>, <station-3> refer to folders named after individual GMN 

camera-ids, e.g. <XX000Y> etc. 

 

These scripts rely upon the fact that the RMS code base has 

been modified so that it does not matter where the user’s 

three RMS station configuration files are located. Providing 

you have enabled the vRMS virtualenv (a python tool for 

creating isolated python environments), RMS will use the 

station relevant configuration files it finds within the current 

working directory. 

Given that many folks may not be super diligent in checking 

directory locations, spelling etc., these scripts provide a 

useful and consistent directory framework to run and 

maintain an RMS station. These scripts allow the majority 

of RMS related tasks to be performed via GUI tools. 

This structure builds upon the well-known system that RPi 

RMS users currently use, which provides numerous 

advantages: 

a) There is a single RMS installation to maintain and 

update. 

b) One or more cameras can be supported within the 

‘Stations’ and ‘RMS data’ structures. 

c) The custom scripts described in this document reside in 

the directory named  ~/home/pi/source/RMS/Scripts/ 

MultiCamLinux. They make no changes to anything 

installed under the RMS directory tree. Updates to 

RMS files can be performed without risk of anything 

being overwritten because RMS updates will not touch 

your individual station configuration files. 

3 Prerequisites 

At a high level the RMS scripts rely upon an Ubuntu 

Desktop base install. If you think you may need support 

from others, we suggest that the Ubuntu user you create 

during the install is called pi. This username is not strictly 

necessary, but it may make life easier for many folks 

because it follows existing RPi station conventions. 

RMS will run quite happily on relatively low spec 

hardware. The underlying hardware will determine how 

many cameras you can support. Our experience to date has 

shown that anything equivalent to an Intel i3 @2.0GHz with 

8GB RAM can support at least two cameras. Our recent 

testing indicates that an Intel Celeron N5105 @2.0GHz 

with 8GB RAM can run 6 cameras which can see 360 

degrees in azimuth. 

All other specs, HDD sizes, etc., are so dependent upon 

variables such as camera location, weather, time of year, 

etc., that it is impossible to predict with any certainty how 

many cameras your specific machine can support. 
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To give you an idea as to how RMS will perform on a low-

end platform, the image in Figure 3 is a screenshot of a two-

camera installation during a recent overnight capture on a 

pretty rainy night. This processor is an Intel i3-4330 

@3.5GHz - circa 2013 vintage, 4GB RAM and a 125GB 

SSD. 

This two camera RMS system runs just fine. Some of us 

don’t normally run Desktops as we prefer to log into hosts 

remotely and export the DISPLAY variable. In this case, on 

the rare occasions we need to run a GUI such as 

CMNbinViewer or SkyFit2, the UIs are pretty responsive 

and snappy. 

Also, for those concerned about networking requirements, 

you can see from the inbound traffic of the two IMX291 

cameras, that the average traffic is a paltry 1MB/s and not 

1MiB/s, and not the gnome developers have mistakenly 

labelled the units. 

We recommend these ballpark specs as a starter – i3 or 

equivalent AMD @2.0GHz clock, 8GB RAM, plus~100GB 

free HDD storage per camera. 

A bare minimum Desktop installation takes up an 

insignificant ~13GB, however RMS occupies an additional 

~37GB of space so as large an HDD or SSD you can afford 

makes sense. 

So, two cameras in real terms are consuming 0.1% of a 1Gb 

link. 

 

Figure 3 – A two-camera installation during. This processor is an 

Intel i3-4330 @3.5GHz - circa 2013 vintage, 4GB RAM and a 

125GB SSD 

 

These scripts will run under most flavors of Linux. 

However, each distribution has its own preferences with 

respect to display managers and default installed 

applications.  We have standardized on Ubuntu 20.04.5 

LTS. This release is slated to be retired in 2025 and by that 

time a lot of other things will have likely changed, so this 

version is a safe bet for now. 

The scripts only rely upon bash, awk and sed to run, which 

are installed by default for most Linux distros. The only 

area where these scripts might break in other distributions 

will be GUI desktop shortcuts, where we know first-hand 

that the GUI has subtly changed even moving to Ubuntu 

22.04 Desktop LTS. 

After the base Linux desktop installation, you will need to 

deploy RMS and at least two of the three RMS scripts 

mentioned in this document. 

4 How to create your RMS Linux RMS 

system from scratch 

If you already have a Ubuntu compatible Desktop installed 

proceed to the section Install RMS on Linux RMS system. 

Step by step install instructions 

Install Ubuntu Desktop 20.04.5 LTS 

Transfer a downloaded .iso onto a USB stick or burn to CD 

if you prefer. You can load it onto a USB stick with Balena 

Etcher or Rufus. If you experience problems with Etcher, try 

Rufus instead. 

Place your chosen media into the new hardware and within 

the BIOS (or by whatever function key your BIOS 

supports), select boot from the inserted media. 

By default, Ubuntu performs a check of the installation 

media which can take a while so you can bypass this by 

hitting CTRL-C to cancel it. 

If you run into problems during the install steps, and you 

become concerned about your .iso download, then check 

Canonicals’ website for the iso checksums and compare 

with what you have downloaded. 

Upon boot, the installation it will read a lot of data into 

RAM and eventually launch an X-11 screen with the live 

temporary Ubuntu desktop running, showing the options 

displayed in Figure 4. 

 

Figure 4 – Ubuntu desktop running: different options. 

 

The installer will attempt to auto detect your location and 

corresponding language and keyboard layout. It is 

important to ensure that these are correct before proceeding. 

Select <Install Ubuntu> 

Select the desired language & keyboard layout, Continue. 
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Figure 5 – Ubuntu installation: different options. 

 

Select “Minimal installation” (Figure 5) if you want to 

conserve space and press <Continue>. 

 

Figure 6 – Ubuntu installation. 

 

If your existing disk contained a recognizable o/s you will 

be prompted to install alongside it (create a dual-boot 

machine) or erase existing content and overwrite. The 

choice is yours. In this example it is a fresh disk which it 

thinks has something on it but it is in fact empty so Erase 

and install is ok (Figure 6), -> <Install Now> 

 

Figure 7 – Ubuntu installation. 

 

You’ll get this ‘last chance’ to change your mind (Figure 7) 

-> <Continue> 

The installer discovers your ISP public IP address and 

performs a lookup (likely via IANA) to determine your 

country/region (Figure 8). 

 

Figure 8 – Ubuntu verifying your location. 

 

Accepting the default is fine, as is the time zone offset for 

your region along with regional keyboard, language and 

numeric formatting settings. Since the RMS standard time 

zone is UTC, the scripts you run later will automatically set 

your time zone to UTC. 

 -> <Continue> 

 

Figure 9 – Ubuntu personal data. 

 

Enter your details as you wish (Figure 9). If you wish to 

emulate the RPi station behavior, then enable auto login. 

Some of us prefer not to enable auto login, but that’s just a 

personal preference, when complete -> <Continue> 

Note: If you are configuring a remotely managed station, 

you are strongly advised to enable auto logon. Sometimes a 

session will crash, and auto logon will prevent a problem 

when the X-11 server dies and control returns to the login 

page. When stuck on the loin page there will be no X-Server 

session running, so your configured cameras will not restart 

and, effectively, your station will not be recording any data 

because it is down. 
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Figure 10 – Ubuntu installation screen. 

 

Figure 11 – Ubuntu installation screen. 

 

The operating system will then proceed to install (Figures 

10 and 11). 

Select <Restart Now> 

 

Figure 12 – Ubuntu installation screens. 

 

Eject CD or remove USB key and press <Enter> (Figure 

12). 

The system will restart and then you can log in using the 

credentials entered earlier. 

We will now install RMS on the Ubuntu based Linux 

system. 

Install RMS on a Linux Ubuntu system 

Open a terminal window and get the required RMS 

installation file: 

wget 

https://raw.githubusercontent.com/CroatianMeteorNetwor

k/RMS/master/Scripts/MultiCamLinux/GRMSL_Install.sh 

With the shell script downloaded to your home directory, 

make it executable by typing in the terminal: 

chmod +x *.sh 

then type 

./GRMSL_Install.sh 

The script will likely prompt for your password and then the 

lengthy installation process will commence. The script will 

automatically call additional scripts as needed. 

On Ubuntu, you will be prompted to accept an EULA 

license for the TrueType fonts and you will have to navigate 

the EULA screens. At the first screen, hit the tab button and 

the <OK> box should be highlighted red, then hit return. At 

the second screen hit the tab once and the <Yes> option 

should be highlighted in red, then press return – the install 

process will then continue to completion. 

The install script may take some time depending on your 

hardware, but install time is usually under 30 minutes.  At 

the end of the install steps, the script will give you the option 

to add some additional software packages, and then 

schedule a cron job for the GRMSUpdater script, which can 

stop all running RMS instances, perform an RMS update 

and then restart all configured stations. 

Don’t worry if you enabled the cron job and later wish to 

reschedule it. Just enter 

 crontab -e 

and you can edit or delete the scheduled job to suit any time 

you wish. 

At the end of the GUI_RMS_Linux_Install script, you will 

be asked “Do you wish to configure some stations?” if you 

say yes, it will call add_GStation.sh to install stations, or you 

can elect to run the add_GStation script manually later. 

The add_GStation script will add the first station (camera) or 

set of stations by creating the RMS station directories and 

populating them with starting copies of the station files. 

Note: For detailed descriptions of the add_GStation, 

GRMSUpdater and Migrate scripts, please refer to the Script 

Details section of this article. 

If you are migrating existing RMS RPi cameras to this 

Linux installation, please refer to the section “Moving 

existing stations” to your Linux RMS system at this point. 

Otherwise, you will need to customize each station’s .config 

file. 

Each station’s .config file is located relative to your current 

working directory (~/source/RMS) at ../Stations/<station-

id/.config 

Use whatever editor you feel comfortable with (we use nano 

in the following example) to edit each .config: 

nano ../Stations/<station-id/.config 

Use the editor to update these fields: 

https://raw.githubusercontent.com/CroatianMeteorNetwork/RMS/master/Scripts/MultiCamLinux/GRMSL_Install.sh
https://raw.githubusercontent.com/CroatianMeteorNetwork/RMS/master/Scripts/MultiCamLinux/GRMSL_Install.sh
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• Your camera location details. 

• Your camera connection device string with appropriate 

IP address. 

• Any other options you wish to change, such as post 

processing jobs, ssh keys, etc. 

We do not recommend a daily system reboot after analysis 

is complete, since RMS will run for many months on Linux 

without requiring a system restart. Also, if multiple cameras 

are installed, we do not want any reboot until all stations 

have finished processing data. In any case, the 

recommended cron job will provide functionality equivalent 

to an RMS reboot every week, or more often if you desire. 

If you close your terminal window now, and re-launch 

Gnome terminal or the newly installed lxterminal, you will 

see that the session now automatically places you in the 

vRMS env in directory ~/source/RMS. 

If you log out and log back in, the X-Session will start, and 

then it will auto-launch lxterminal windows bearing the 

station name in their title, and RMS will commence for each 

camera. 

After RMS has reached the ‘waiting to commence capture’ 

line you can use the file browser to view each station’s log 

files and review the initially empty Archive and Capture 

directories within ~/RMS_data (or another mount point if 

you chose that option). 

You can run the add_GStation script multiple times to add 

additional stations. It will not overwrite anything nor allow 

you to add duplicate station names. For example, if you 

acquire a new camera at a later date, and have the computed 

resources to host it, you can easily add it to your existing 

configuration.  

Setting your camera IP address 

Next you will need to configure your camera’s IP address, 

so it is accessible from your Linux RMS system. New IMX-

291 cameras usually come from the vendor with their IP 

address set to 192.168.1.1. You may need to reset this 

number so that it is on the same subnet as your Linux RMS 

system and is not set to the Gateway IP address. You can 

use the CMS utility to alter the camera address. CMS is the 

utility often used to configure all the other camera 

parameters. If you need more help setting a good IP address 

for your camera, you may find helpful information in the 

next section about changing the address for an existing 

camera. 

After you have configured your station cameras you can 

check each camera’s connectivity by launching the desktop 

<StationID>-ShowLiveStream link(s). 

Moving existing stations to your Linux RMS system 

If you are moving existing stations, you can manually copy 

files or run the Migrate script to bring across these RPi 

station files: 

• .config 

• platepar_cmn2010.cal 

• mask.bmp  

• .ssh/id_rsa 

If you are doing this manually, then the first three files need 

to be placed into the ~/source/Stations/<station-id> directory 

you created earlier using the add_Gstation script. The fourth 

file .ssh/id_rsa (private key file) needs to be copied to the 

.ssh directory for the user you have established for the Linux 

RMS system. If you need to copy more than one private key 

file, be sure to rename any duplicate filenames and 

reference them correctly on the .config line that specifies the 

location and file name of the private key file for that station 

(camera). This .config parameter is: 

; Path to the SSH private key. 

rsa_private_key: ~/.ssh/id_rsa 

The Migrate script can be used to automate moving an 

existing station. The script will prompt you for your RPi’s 

host address and will initially attempt to copy your current 

RPi username’s public key to the RPi. 

In this context, the IP may be the local IP address of the RPi, 

or the OpenVPN designation if you are using the OpenVPN 

from GMN. An OpenVPN designation would look like  

<stationID>.gmnnet, so XX000X.gmnnet. 

Because this is probably the first time this host has seen the 

RPi you will get a warning that the RPi’s ECDSA 

fingerprint is not recognized by your new Linux host, do 

you want to proceed? 

Type yes <Enter> 

After this, the script will attempt to install your public key 

onto the RPi, and it will prompt you for user pi’s password 

on the RPi. 

Once this is entered, the script will install the public key 

into the RPi’s authorized hosts file, and then the script will 

use scp to transfer: 

• .config 

• platepar_cmn2010.cal 

• mask.bmp 

• .ssh/id_rsa 

to a temporary directory on your Linux host. 

The script then looks into the .config, parses the station id, 

and uses that to copy platepar_cmn2010.cal & mask.bmp to 

~/source/Stations/<station-id>. 

Next, it copies your RPi’s private key id_rsa to 

.ssh/<station_id>_id_rsa. 

Finally, it updates that stations’ .config to set the field 

id_private_key: ~/.ssh/<station-id>_id_rsa 

This last step means that you don’t need to email Denis Vida 

with your hosts’ new public key, since you can continue to 
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use the one already authorized for your RPi’s camera. You 

can run the Migrate script as many times as is necessary. 

Finally, we need to change the old camera IP address to one 

that is on the subnet seen by the Linux RMS system. 

If you are using an unmodified RPi image, the camera is 

connected directly to the RPi’s ethernet port and the RPi’s 

ethernet port is assigned the default static address of 

192.168.42.1/24. Using the default RMS image, the camera 

will have the default address of 192.168.42.10. 

You will need to complete these steps to migrate a camera 

from your RPi RMS to your Linux RMS local subnet: 

1. Determine your Linux RMS systems’ local subnet. 

From a lxterminal prompt type the following:   

 (vRMS) pi@raspberrypi:~/source/RMS$ ip a 

The result will be a multi-line response (Figure 13): 

 

Figure 13 – Multi-line response. 

 

In this case our Linux system’s address is 192.168.1.37. 

Therefore the subnet is 192.168.1.xx. Now that we know 

what the subnet is, we want to assign a permanent (static) 

address that is not currently in use. You can query your 

router to see what addresses have already been assigned. If 

it is not feasible to query your router, you may try using a 

number in the 200 to 255 range, which is often not used by 

dhcp (for instance 192.168.1.202). 

2. Log on to your RPi and set the camera to its new 

static IP address. Start a terminal window and type the 

following command: 

<within the vRMS env> python -m Utils.CameraControl SetParam 

Network    HostIP <your new IP> 

At this point the RPi will lose connectivity to the camera.  

3. Disconnect the camera from the RPi and plug the 

camera cable into a spare ethernet port on your system. 

4. Edit the .config file and change the device string to 

the new static IP address. Change the first line under the 

[capture] section: 

device: 

rtsp://192.168.42.10:554/user=admin&password=&channel=1&st

ream=0.sdp ; device id 

to something like this: 

device: 

rtsp://192.168.1.202:554/user=admin&password=&channel=1&st

ream=0.sdp ; device id 

If all is well, you should now be able to ping the camera on 

its new IP from the Linux host and run the Desktop 

LiveViewer shortcut to ensure all is working as expected. 

5 Script details 

This section provides further information about each of the 

scripts used in creating and operating a GUI RMS Linux 

system. If you experience problems with the installation of 

RMS, these details may be useful. 

There are two required and one optional script. The scripts 

are all located in ~/source/Stations/Scripts 

add_GStation.sh 

~/source/RMS/Scripts/MultiCamLinux/add_GStation.sh 

This script takes a vanilla RMS install and adds the required 

directory structures and desktop environment shortcuts. The 

script can accept an optional argument that specifies the 

path to a custom data storage location should the default 

location not suit your needs. Please see the section “Some 

additional tips and tricks” for further details. 

The add_GStation script will prompt the user to enter each 

station camera code, which was assigned to that camera by 

the Global Meteor Network. It will then prompt for the next 

station code. 

By default, the script will set the user’s data directory for 

each stations capture data to be 

~/RMS_data/<station-id> 

When a blank station code is entered by simply hitting the 

return key, the script will generate the required per-station 

directories, and desktop shortcuts, and make global changes 

to the user environment to mimic the look and feel of RMS 

running on an RPi. Tasks include: 

• Modifying the user env to auto enable vRMS. 

• Disabling screen lock when the system is idle. 

• Creating autostart entries that are launched at login or 

reboot. 

• Configuring other system defaults. 

As indicated earlier, this script will create a default crontab 

entry to schedule stopping RMS, updating RMS code. and 

restarting the stations (this uses the GRMUpdater script 

discussed next). You can modify the timing of the cron job 

on the fly at this point in the script execution. 

Note: We originally considered parsing one of the user’s 

.config files to get the geolocation codes and scripting a 

suitable time to auto schedule the job, however at this time 

we have not worked out those details, so the default 

schedule is to run every Sunday at 1500 UTC. 
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Post install, the cron entry can be modified anytime by 

opening a terminal and typing: 

crontab -e 

This website5 has a useful list of common scheduling 

options should the user require help. 

If you are curious about other settings that are changed – 

and there are a lot – we would suggest opening up the 

add_GStation script in your editor of choice and perusing the 

code – it is fairly heavily commented so it should be fairly 

obvious what each step does. 

GRMSUpdater.sh  

~/source/RMS/Scripts/MultiCamLinux/GRMSUpdater.sh 

This script performs three functions – stop all running RMS 

instances, perform a regular RMS update and finally restart 

all the configured stations. This script is best run as a 

scheduled cron job to perform these three functions on a 

regular basis. It is not meant to be run standalone, but can 

be run it that way if you wish. It can take an optional 

argument to alter the default behavior. 

1. If run with no argument it will kill all running RMS 

processes, perform a regular RMS_Update, and then look in 

the user’s Stations directory to start every station it finds. 

2. If it is run with any argument the mode of operation 

changes – instead of restarting all configured stations it will 

only restart those stations that were originally running 

before the script started. This way, if a user is hosting three 

cameras, and one of them is not functioning for whatever 

reason, the user can kill the capture process from the 

lxterminal window by either typing a CTRL-C in the session, 

or by closing the window. Ordinarily the updater process 

will restart it, but if the user has an inoperative camera, they 

can set a flag – any character (other than # or \) at the end 

of the crontab entry. In this case, the script will scan the 

running system and gather a list of currently running station 

names, then following the RMS code update, it will only 

restart those previously running stations. 

Migrate.sh 

~/source/RMS/Scripts/MultiCamLinux/Migrate.sh 

If you are migrating existing stations already configured on 

a RPi, or any other platform, then you can transfer the files 

by hand using whatever tools you are comfortable with, or 

use this utility script to automate the process.  

Note: For this script to work you need to have previously 

run the add_Gstations script to generate the related station 

directory structure. 

Migrate.sh automates copying from any RMS host the 

following files: 

• ~/source/RMS/.config 

• ~/source/RMS/platepar_cmn2010.cal 

 
5 https://crontab.guru/examples.html 

• ~/source/RMS/mask.bmp 

• ~/.ssh/id_rsa 

Migrate will transfer these to a temp dir on the previous RMS 

host, extract the station name from the .config file, and then 

move all these files to the appropriate 

~/source/Stations/<station_dir>/ folder on the Linux 

installation. 

Note: The ssh id_rsa private key will be renamed and moved 

into ~/.ssh/<station-name>_id_rsa, and that station’s .config 

file will be updated so that rsa_private_key points to the 

renamed private key. 

The only requirement for this script to work is that ssh 

access is enabled on the RPi. This can be confirmed or 

achieved by navigating to the top left RPi icon -

>Preferences->Raspberry Pi Configuration->Interface tab 

and then checking or selecting the ssh enable radio button 

as shown in the next graphic (Figure 14). 

 

Figure 14 – Raspberry Pi Configuration, Interface tab. 

 

The script itself prompts the user for the Pi’s IP address, and 

then using user pi, it attempts to place your host’s public 

key into the RPi’s authorized_hosts file. The RPi hosts IP 

address can be found by typing in terminal ip a – (Figure 

15) 

 

Figure 15 – The RPi hosts IP address. 

 

It will also prompt you for user pi’s password to execute the 

copy, then uses Linux secure copy (scp) to transfer the 

required files to the local host’s tmp dir.  

https://crontab.guru/examples.html
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Below is an example Migrate.sh script run along with some 

explanatory notes:   

• (vRMS) eharman@rms-test:~/source/RMS$ ./Migrate.sh 

• Enter the RPi's IP address:  

If this host’s keys are not present on raspberrypi, you will 

be asked to add the host’s unique fingerprint to your 

.ssh/known_hosts file, so when prompted, answer ‘yes’. 

Next you will be prompted for the user pi's password to 

copy the key to the authorized_keys file located in the .ssh 

folder on the RPi. 

Below is example dialogue for entering host’s unique 

fingerprint: 

• /usr/bin/ssh-copy-id: INFO: Source of key(s) to be installed: 

“/home/eharman/.ssh/id_rsa.pub" 

• The authenticity of host ‘raspberrypi (192.168.0.239)’ 

can’t be established. <-this is my host verifying I want 

to connect to this host since its fingerprint isn’t in my 

.ssh/known_hosts file. 

• ECDSA key fingerprint is 

SHA256:BMobzcaupuWf3q56dvzuoCL9xio5v0CcW

3DEUPmshZk. 

• Are you sure you want to continue connecting 

(yes/no/[fingerprint])? Yes -user input to accept hosts 

fingerprint. 

• /usr/bin/ssh-copy-id: INFO: attempting to log in with the 

new key(s), to filter out any that are already installed. 

• /usr/bin/ssh-copy-id: INFO: 1 key(s) remain to be 

installed if you are prompted now it is to install the new 

keys. 

• pi@raspberrypi's password: <- pi’s password entered 

here. 

• Number of key(s) added: 1 <- host has put my hosts 

pub key in its authorized_host file so now passwordless 

ssh/scp can take place. 

Now log into the machine, with  “ssh ‘pi@raspberrypi’” and 

check to make sure that only the key(s) you wanted were 

added. 

• .config 

100%   13KB   9.1MB/s   00:00 

• mask.bmp 

100%  901KB  52.7MB/s   00:00 

• platepar_cmn2010.cal 

100%   12KB   8.6MB/s   00:00 

• id_rsa. 

100%  396   597.0KB/s   00:00 

• Found station UK001C ! 

Station UK001C’s .config has been moved, RMS_data 

location updated, mask.bmp and platepar_cmn2010.cal 

have been moved unchanged to the following directory - 

• /home/eharman/source/Stations/UK001C 

Whether you have used the Migrate script or moved files 

manually, it is still necessary to migrate your camera 

hardware network address to the new Linux system.  

6 Some additional tips and tricks 

Backup your configuration 

We strongly recommend that you backup all 

~/source/Stations once things are working well. This will 

give you a good disaster recovery backup should you need 

to recover from problems later. We may consider providing 

a script to automate this backup. 

Delay upgrading to Ubuntu 22.04? 

As indicated earlier, we recommend installation using 

Ubuntu 20.04, which is not slated to be retired until 2025. 

The newest version of Ubuntu is v22.04. However, this 

version introduces difficulties with Wayland graphics that 

interfere with remote connection utilities including 

AnyDesk, NoMachine, RealVNC viewer, and possibly 

others. We anticipate that these remote connection utilities 

will eventually incorporate fixes for this problem, but until 

then, it may be wise to avoid upgrading to Ubuntu 22.04. 

You should have no problems running RMS on Ubuntu 

22.04 if you don’t need remote connection capability. 

Ubuntu frequently offers to upgrade from v20.04 to v22.04. 

Although you do want updates that fix potential problems 

with v20.04, you may not want to run the risk of 

accidentally saying you want to upgrade to v22.04. You can 

tell Ubuntu not to offer updates to v22.04 by going into 

Settings, About, Software & Updates, Updates and set 

“Notify me of a new Ubuntu version: Never”. 

Storage Configuration 

If you are repurposing old hardware, it may be appropriate 

to add a faster higher capacity HDD or SSD. Also, instead 

of merely swapping out the old drive and replacing it with 

a new one, if your machine supports dual drives, you can 

add the 2nd drive and reserve it for camera data, while 

leaving the original HDD for the operating system and RMS 

codebase: 

• Drive#1 - Operating system + RMS codebase 

• Drive#2 - RMS camera data storage 

Typically, the operating system and RMS codebase do not 

impose heavy i/o loads to the disk-subsystem, however 

when RMS writes to capture and log directories, we do see 

fairly heavy i/o, particularly at the end of a night’s run, 

when the captured data is processed. Moving this captured 

and processed data to a separate HDD or SSD may be a 

sensible option for you. 

If you do take this route then there are numerous ways to 

effect that change: 

1. The simplest way is to mount the additional drive to the 

directory ~/RMS_data 
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2. One could achieve the same result by mounting the new 

drive to a directory in the root filesystem e.g., /BigDisk and 

then creating a symbolic link named ~/RMS_data and 

pointing that to the real mount point /BigDisk:  

rmdir ~/RMS_data 

ln -s /BigDisk ~/RMS_data 

There is no measurable overhead in doing it the second way. 

3. You could mount the new drive before the mount point 

/BigDisk and then when using add_GStations.sh pass the 

target RMS storage directory as an argument: 

~/source/RMS/Scripts/MultiCamLinux/add_GStation.sh /BigDisk 

Then the script will create each station’s storage directory 

to be subdirectories under /BigDisk and it will amend the 

stations’ .config to reflect that change. 

The options above are a few examples of the many possible 

ways you can achieve this. 

Your old ExternalScript is set to reboot the station? 

If you typically run an ExternalScript that is set to reboot at 

the end of capture and data processing, you should disable 

the reboot, since frequent reboots are not necessary on 

Ubuntu 20.04. In addition, it is not appropriate for one 

camera that has finished to call for a reboot before all other 

cameras are done processing!  

New stations have their default .config changed to have the 

following set: 

reboot_after_processing: false 

However, if you have subsequently copied over your old 

RPi .config you may want to edit this value, because it is set 

to true in a default .config file. 

iStream.py is an example of an external script that typically 

reboots the RPi station. In late December of 2022, iStream.py 

was modified so it will only reboot if run from a RPi station, 

so it will not cause any issues for an RMS Linux multi 

camera system.  

File sharing 

If you are using a PC, Laptop or other device as your day-

to-day host, e.g., read mail, browse the internet, and such, 

you may want to install a file sharing mechanism that will 

allow you to map the RMS capture directory to that host. If 

you do this, you will be able to peruse the captured data and 

data summaries, logs, etc., remotely from the Linux RMS 

host without having to actually log on to the physical host 

running RMS.  

There are numerous options to choose from, however, we 

will only detail SMB since that’s what we primarily use 

between hosts and Windows desktop. This will also work 

for Mac users. 

In a terminal window: 

sudo apt install -y samba 

once installed, in your favorite editor open the following file 

and add the content below: 

nano /etc/samba/smb.conf 

navigate to the end of the file and add: 

[RMS_data]   <- sharename 

path = /home/<username>/RMS_data   <-replace with your 

username  

p browsable=yes  

p read only=yes (set to  no  if you want to run CMNbinViewer on 

your desktop and have the capability of it writing data to your 

/RMS_data/<station-id>/CapturedFiles directory)  

p guest ok=no 

Save the file, and note that you do not need to restart the 

SMB Daemon service because it will reload the smb.conf 

when it sees that the contents have changed. 

Next, you need to add your user account to SMB’s list of 

known users - this is separate from the usual Linux 

authentication scheme as it allows Samba to integrate with 

Microsoft Domain structures. To add yourself as an 

authorized user, in a terminal window type: 

smbpasswd -a <your username>     # once you press Enter, 

you will be prompted for your password, this can be 

different to your Linux password, however in practice it’s 

safe to use the same one if you wish. The utility will ask you 

then to Re-type your password: 

• New SMB password: 

• Re-type new password: 

That’s it, you are done configuring the Linux host! 

Next, from your windows desktop machine, open the 

filemanager and rightmouse over ‘This PC’ and from the 

dropdown menu select map a drive. 

Sometimes Windows can be a bit picky at this point, you 

can either use the Browse button to let it auto discover 

available shares or you can enter the full UNC path to the 

share you’ve just created which takes the form: 

\\hostname\sharename 

Whichever route you choose make sure you tick the box 

‘Connect using different credentials’ 

Hopefully it should find your new share and prompt for 

your hosts logon credentials, at which point Windows will 

mount the share to the next free drive letter on your system, 

and you can click on it and see the data. 

You don’t need any fancy graphics application installed 

onto this host to view a stacked image of the nights run, or 

indeed any of the other graphics that are found in a typical 

night capture directory, you can merely drag the image from 

a file-browser window into an opened web-browser page 
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and the browser will open a new tab and display the image 

- it really is that easy once you have things set up! 

There are numerous other integration tools available for 

both Windows and Apple platforms that would allow you 

to manage your RMS capture host remotely, but that will 

need to be covered in a future Wiki entry.  

Using AnyDesk to manage your Linux RMS system 

remotely  

AnyDesk provides mechanisms to connect to and manage 

your Linux RMS system remotely. It does not rely on any 

ssh key validation or the OpenVPN addressing that can be 

provided by GMN. AnyDesk provides the means to copy 

files to and from the RMS system. We will not attempt to 

provide full AnyDesk documentation here, however, we do 

recommend setting a good password on AnyDesk installed 

on your Linux RMS system. If you do not install a password 

for remote access, someone with physical access to the 

RMS system will have to authorize every AnyDesk 

connection you try to make to the RMS system. 

To set a password, click on the icon showing four horizontal 

lines located near the upper right-hand corner of the 

AnyDesk window. If you hover the cursor over this icon, it 

should display the word “General”. Under “Security” you 

need to “Unlock Security Settings” then enable unattended 

access, and set a good password.  

Typically, when you connect using AnyDesk you will see the 

screen of the Linux RMS system. Just to the left of the icon 

with the red underline near the upper right-hand corner of 

the AnyDesk screen you will see the outline of a file with a 

right arrow inside it. If you activate this icon, you will 

switch to a file transfer screen, allowing you to copy files to 

and from the Linux RMS system. After file copy, you can 

switch back to the first icon and display the screen of the 

Linux RMS system again. 

Using RealVNC to manage your Linux RMS system 

remotely 

If you are used to using RealVNC for remote connections, 

please be aware that although it is free to use on RPi, you 

may be required to purchase a license to use the RealVNC 

viewer to connect to your Linux RMS system. 

Modifying icons on taskbar 

If you have allowed the add_GStation script to install the 

pcmanfm file manager, and mousepad text editor, you may 

wish to replace default favorite apps on the left-hand 

taskbar of the GUI screen. For instance, you may also want 

to add lxterminal as a favorite on your taskbar in place of the 

default terminal app. To do this, click on the icon showing 

a 3 × 3 array of dots at the bottom of the taskbar, locate the 

new software icons among the GUI tools menu, right click 

the icon and select “Add to Favorites”. At this time, you 

may also want to locate the similar default app icons in the 

taskbar and right click “Remove from Favorites”. Note that 

any desktop icons for folders will still open using the 

original default file manager, so they will not behave the 

way they do when opened with pcmanfm file manager.  

If you want a graphic display of system usage 

You can use GUI monitoring tool and add it to Favorites on 

the left-hand Taskbar: 

Open Utilities icon  

System Monitor (right click to add to favorites)  

• Click the middle tab “Resources” 

• Click Preferences, Resources, Update interval in 

seconds 

• For instance, setting to 3 seconds will graph activity 

over the last 180 seconds)  

If you need to use OpenVPN  

OpenVPN is provided by GMN for remote connections. 

You can configure it by running a command from a terminal 

window. Open a terminal window, which should start up in 

~/source/RMS, and type: 

Scripts/DownloadOpenVPNconfig.sh <StationID> 

Keep in mind that although you may have multiple stations 

installed on your Linux RMS system, you can only do this 

for one OpenVPN designation. It might be wise to pick the 

lowest station ID and use that to link a single OpenVPN 

designation to the RMS system. 

Changing which stations start at reboot/login  

If one or more of your stations (cameras) is not working 

properly and you want to take it out of service for a while, 

you can have that station skipped at reboot/login. You can 

use the GUI tool “Startup Applications Preferences” to 

remove or restore a checkmark next to the stations you want 

to start or not start at login/reboot. If you do this, please 

remember to run the GRMSUpdater script from cron with 

trailing argument so that only currently running RMS 

sessions are restarted. 

Another way to disable one or more of your stations is to 

simply cut the station directory out of ~/source/stations and 

paste it into your home directory. After things have been 

repaired, cut the directory out of your home directory, and 

paste it back under ~/source/stations to enable the station 

again. 

Desktop shortcut file names 

When you use the file manager (pcmanfm), please be aware 

that the file manager detects the .desktop extension and 

displays the Name field attribute of the .desktop object, and 

*not* the actual filename of the object. The actual file 

names can be seen by using ls command from a terminal 

session. For example, if you see these names in the file 

manager: 

• XX0001-ShowLiveStream.desktop 

• XX0001-StartCapture.desktop 

They will correspond to these actual filenames ( ls -l 

~/Desktop ): 

• -rwxrwxr-x 1 pi pi 195 Nov 10 19:34 Show_LiveStream-

XX0001.desktop 
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• lrwxrwxrwx 1 pi pi 50 Nov 13 18:10 

XX0001_StartCap.desktop -> 

/home/pi/.config/autostart/XX0001_StartCap.desktop 

Performing a maintenance task on all your stations  

If you have a task you want to perform on all of your 

stations, you may want to take a look at the GRMSUpdate 

script. You can use a similar code block to iterate over all 

the stations on your Linux RMS system. 

Adding a new station to an existing Linux RMS 

system 

If you are adding a new station to a Linux RMS system that 

has been running one or more stations for a period of time, 

make sure there is ample free space on your storage drive 

so that the new station will be able to start capture. The new 

station will not yet own any files it can delete to free up 

space, so it will not be able to honor the extra_space_gb: 

value you have set in your .config file when it starts capture 

for the first night. As time goes by, you may find you need 

to manually delete CapturedFiles directories and possibly 

ArchivedFiles directories on some earlier stations so that a 

new station can get caught up and be able to retain data for 

the same number of nights as the older stations. 

Cabling and component examples 

 

Figure 16 – An example of a simple installation. 

 

Figure 17 – An example of a simple installation. 

 

There are a number of things to consider when you run 

cables to the Linux RMS system. In most cases, it makes 

sense to add a PoE (Power over Ethernet) switch, located 

where the cables home from the cameras. One port of the 

switch is used to connect the switch to the rest of your local 

network by way of an Ethernet cable which runs to your 

home router. You can co-locate the Linux RMS system near 

the PoE switch, or you can place the Linux RMS system 

anywhere else you like, by using a long Ethernet cable to 

connect from a second location to the PoE switch. This 

“long Ethernet cable” can actually be two devices that allow 

you to send Ethernet over the AC wiring of your house. 

Given that each camera only sends about 500 Bps, even a 

slow link at 200MBps will be enough to support 40 

cameras! You may wish to add a KVM 

(keyboard/video/mouse) switch, which allows you to use 

your primary computer monitor, keyboard and mouse on 

the Linux RMS system alongside your primary home 

computer. 

We don’t think running cameras over a Wifi link is a good 

idea, however you might be able to do this using high-end 

hardware. 

The diagram in Figure 16 shows an example of a simple 

installation, followed by a diagram of a more complex 

install. Details about each numbered part on the more 

complex configuration are given in the text following the 

second diagram in Figure 17. 

Equipment in the back room of house: 

• Netgear cable modem: 

CM500-1AZNAS (16×4) DOCSIS 3.0 Cable Modem 

(#1) 

• Netgear wifi router 

Netgear Nighthawk X6S, AC3000 Tri-Band Wifi 

Router, Model R7900P (#2) 

• TP-Link 4 port PoE switch with one non PoE port 

TL-SG1005P V2 or later, 5 Port Gigabit PoE Switch, 

4 PoE+ Ports @65W (#3), cables from up to four 

cameras (#4a-d) are connected to this PoE switch, and 

one cable from PoE switch is connected to Netgear 

wifi router 

• TP-Link AV1200 Gigabit Powerline ethernet Adapter 

(Ethernet over AC wiring) (#5) 

cabled to Netgear wifi router 

Equipment in the front room of house: 

• TP-Link AV1200 Gigabit Powerline ethernet Adapter 

(Ethernet over AC wiring) (#6)   

(TP-Link tpPLC utility shows typical transfer rate of 

210 to 260Mbps in one install)  

• TP-Link 5-port gigabit switch (#7) cabled to TP-Link 

AV1200 

• HP EliteDesk i5-6500T with 20GB RAM, 1T m.2 SSD 

drive, RMS Linux RMS system (#8) 

• cabled to 5-port switch 

• KVM (Keyboard/Video/Mouse switch) (#9),  

Keyboard/Monitor/Mouse (#10a-c) 

• Primary computer, also cabled to 5-port switch (#11) 

Note, in some cases the Cable Modem (#1) and wifi router 

(#2) may be contained in the same box. If the Linux RMS 

system (#8) is at a distance from the PoE switch (#3), parts 

#5 and #6 plus the AC wiring could be replaced by a single 

long Ethernet cable. 
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February 2023 report CAMS-BeNeLux 
Carl Johannink 

Am Ollenkamp 4, 48599 Gronau, Germany 

c.johannink@t-online.de 

A summary of the activity of the CAMS-BeNeLux-network during the month of February 2023 is presented. This 

month was good for a total of 12552 multi-station meteors resulting in 3543 orbits. Like previous year, most of them 

were collected in the last part of this month. 

 

 

1 Introduction 

Meteor activity in February is almost at the lowest level of 

the year for northern latitudes. Nevertheless, because of the 

long nights, results during this month can still be very good 

during periods with clear nights. 

2 February 2023 statistics 

In February the unstable poor weather continued. Mean 

temperatures were again fairly high, due to the lack of 

complete clear skies during the night. In 7 nights, we 

couldn’t collect any single orbit which is a rather large 

number of completely cloudy nights. We could collect a 

larger number of orbits around February 7, February 14 and 

towards the end of the month. Statistics are compared in 

Figure 1 and Table 1. 

CAMS-BeNeLux collected 12552 multi-station meteors 

this month, resulting in a total of 3543 orbits, 1096 of them 

in the last 4 nights, or approximately 30% of the total 

number of orbits this month. The number of orbits derived 

from more than two stations was approximately 57%. 

On average 96 cameras, nearly 90% of all 107 available 

cameras, were active during all nights this month. This 

number is much higher than last year. Several new cameras 

were added to the network recently. This month, two RMS-

cameras from Kirton (Martin Richmond-Hardy) and 

Clapton (Andy Washington) in the eastern part of England 

now provide coverage on the most western parts of our 

network. In Hagnicourt (Pierre-Yves Péchart), France, two 

extra RMS cameras contribute their results now to our 

network. The more (south)eastern parts of our network got 

support from extra RMS cameras in Germany in 

Ludwigshafen (Eduardo Fernandez del Peloso) and 

Solingen (Hartmut Leiting). Felix Bettonvil (Utrecht, 

Netherlands) and Koen Miskotte (Ermelo, Netherlands) 

reported that their cameras became active again this month. 

From all available CAMS data, higher than usual activity 

was detected for the February Hydrids, like in 2013 and 

2018. Between solar longitude 321.9° and 327.2° a total of 

29 FHY-meteors were collected. In other years this shower 

is nearly absent. It now looks like this stream has a 4.7-year 

periodicity from dust trapped in a 5:2 mean motion 

resonance with Jupiter (Jenniskens, 2023). 

 

Figure 1 – Comparing February 2023 to previous months of 

February in the CAMS-BeNeLux history. The blue bars represent 

the number of orbits, the red bars the maximum number of 

cameras capturing in a single night, the green bars the average 

number of cameras capturing per night and the yellow bars the 

minimum number of cameras. 

 

Table 1 – Number of orbits and active cameras in the BeNeLux 

during the month of February in the period 2013–2023. 

Year Nights Orbits Stations 
Max. 

Cams 

Min. 

Cams 

Mean 

Cams 

2013 9 38 6 5 – 2.3 

2014 21 601 12 29 – 20.3 

2015 21 777 14 39 – 27.4 

2016 24 1075 17 51 13 36.9 

2017 16 717 18 53 20 38.6 

2018 26 4147 22 91 48 81.7 

2019 24 3485 18 74 50 68.8 

2020 24 1215 22 84 62 73.1 

2021 25 2136 26 91 60 78.6 

2022 23 1939 24 78 49 63.7 

2023 21 3543 37 105 79 95.9 

Total 234 19673     

 

3 Conclusion 

The results for February 2023 are second best for this month 

during 11 years of CAMS-BeNeLux.  
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March 2023 report CAMS-BeNeLux 
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Am Ollenkamp 4, 48599 Gronau, Germany 
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A summary of the activity of the CAMS-BeNeLux network during the month of March 2023 is presented. This 

month was good for 4472 multi-station meteors resulting in 1328 orbits, a small number for the month of March. 

 

 

 

1 Introduction  

Meteor activity is now reaching the lowest level for 

northern latitudes in March. Contrary to 2022, this month 

wasn’t very sunny. This resulted in a less than usual number 

of orbits. 

2 March 2023 statistics 

When we look at the mean daytime temperatures, March 

was very normal. But the night temperatures were nearly 

two degrees higher than normal. 

That means we often suffered cloudy conditions at night 

this month. Indeed, in six nights not a single orbit was 

obtained from our data. In another five nights we have 

collected less than 10 orbits per night. Only three nights 

with more than 100 orbits occurred this month with as a 

result, a very small monthly total for our network, even for 

a month with low meteor activity. 

CAMS-BeNeLux collected 4472 multi-station meteors this 

month, resulting in a total of 1328 orbits. 54% of all orbits 

were captured by more than two stations. 

 

Figure 1 – Comparing March 2023 to previous months of March 

in the CAMS-BeNeLux history. The blue bars represent the 

number of orbits, the red bars the maximum number of cameras 

capturing in a single night, the green bars the average number of 

cameras capturing per night and the yellow bars the minimum 

number of cameras. 

On average 95.0 cameras were active during the nights this 

month. This number is much higher than last year (70.6), 

since the number of stations increased significantly in the 

last few months. 

At least 80 cameras were active every night. This number 

makes it even clearer that stations were very often clouded 

for at least a part of the night. 

Table 1 – Number of orbits and active cameras in the BeNeLux 

during the month of March in the period 2012–2023. 

Year Nights Orbits Stations 
Max. 

Cams 

Min. 

Cams 

Mean 

Cams 

2012 2 12 2 2 – 2.0 

2013 10 69 6 7 – 4.2 

2014 24 793 12 29 – 22.8 

2015 23 1033 14 42 – 31.7 

2016 23 856 16 51 12 38.2 

2017 26 1048 19 55 20 44.4 

2018 25 1280 22 91 53 73.5 

2019 29 1215 20 78 54 64.4 

2020 27 3026 25 93 66 81.7 

2021 28 1998 27 91 59 78.9 

2022 29 3189 24 79 58 70.6 

2023 25 1328 37 103 80 95.0 

Total 271 15847     

 

3 Conclusion 

The results for March 2023 are rather poor compared to the 

results in recent years. 
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First steps of the CARMELO network 
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The CARMELO network project, after a year of uninterrupted activity, proved to be reliable and gave us a glimpse 

of an unpredictable result: the reconstruction of meteor trajectories. After an analysis of the current situation and 

the models, the first results are shown, especially on simultaneous registrations. These radio recordings, compared 

with the optical counterpart, demonstrate how much the CARMELO instrument can be exploited for trajectory 

reconstruction. Finally, the construction of a “local” network linked to its own transmitter is proposed, a solution to 

overcome the limits imposed by the GRAVES radar. 

 

1 Description 

The CARMELO network for observing radio meteors is 

made up of RDS (Radio Defined Software) receivers spread 

throughout the country and all operating with the same 

standard. The characteristics of the CARMELO receiver are 

illustrated here6. 

As described in the cited article, each receiver performs the 

fast Fourier transform on each meteor it observes, recording 

a file which allows the reconstruction of the radioelectric 

power waveform of the meteor echo. 

Unlike the kind of listening for echoes carried out so far by 

amateur astronomers all over the world, CARMELO is not 

based on the audio output of an analog receiver but directly 

measures the radioelectric power of the meteor echo 

analogously to a real radar. Its operation is completely 

automatic, and the unique standard means that every 

measurement made anywhere in the world can be compared 

with all the other measurements made by other receivers. 

The CARMELO receiver can tune into any frequency, for 

this purpose it is sufficient to write the value of the carrier 

to be listened to in the appropriate receiving station data 

file. The frequencies used so far are 143 MHz for receivers 

in Europe and 52 MHz for receivers in the USA.  

The observational data produced by each individual 

observer is transmitted in real time to the “Astrofili a 

Bologna/CARMELO)” server and represented with suitable 

diagrams. Both the presentation of single events7 and the 

hourly rates8 can be consulted in detail online. The past data 

history can be seen here9. 

After a few years of analogue radio listening with the 

RAMBO system10 our conviction was that the only possible 

observation using meteor scatter was the investigation of 

the hourly rate and this way the observation of meteor 

showers behavior, year by year, of both, day and nighttime. 

The first results of the CARMELO network have shown us 

that this project can also establish the trajectories and thus, 

if this goal can be achieved, the meteor radiants can be 

determined. 

To date, the network is made up of some receivers in Europe 

and a few in the USA11, the network has been recently 

established and should be expanded both in number of 

observers willing to collaborate, and in the coverage of the 

territory. 

2 Observations from Italy 

No transmitter dedicated to listening for radio meteors is 

currently available in Italy. For this reason, the Italian 

observers use the French Graves transmitter operating as a 

south-facing radar transmitter on the 143 MHz frequency 

(Figure 1). 

 

Figure 1 – The French Graves transmitter operating as a south-

facing radar transmitter. 

 

 
6 http://www.astrofiliabologna.it/static/file/carmelo/2022_emn.pd

f 
7 http://www.astrophiliabologna.it/graficocarmelo 
8 http://www.astrophiliabologna.it/graficocarmelohr 

9 http://www.astrofiliabologna.it/carmelo_archive 
10 http://www.astrophiliabologna.it/rambo 
11 http://www.astrophiliabologna.it/obs_on_line 

http://www.astrofiliabologna.it/static/file/carmelo/2022_emn.pdf
http://www.astrofiliabologna.it/static/file/carmelo/2022_emn.pdf
http://www.astrophiliabologna.it/graficocarmelo
http://www.astrophiliabologna.it/graficocarmelohr
http://www.astrofiliabologna.it/carmelo_archive
http://www.astrophiliabologna.it/rambo
http://www.astrophiliabologna.it/obs_on_line
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Figure 2 – A strong meteor echo with a long duration. The transmitter sweeping behaviour is clerly visibile. 

 

As will be described later, this solution involves some limits 

which penalize listening, making the interpretation of the 

results more complicated. The average distance between 

this transmitter and the receivers located in Italy exceeds 

500 km. 

The wave transmitted by Graves sweeps southern Europe at 

a fixed frequency generating an alternating presence and 

absence of the radioelectric signal clearly visible in the plot 

in Figure 2. This means that for at least 50% of the time the 

transmission is not present and therefore at least half of the 

meteor radio echoes are lost. Furthermore, the sweeping of 

the radar can lead to the fact that a meteor trail gets the 

signal only after its appearance, or vice versa, so that its 

echo disappears from the reception before its dissolution. 

Another feature of Graves is the fact that it transmits on a 

too high frequency, at least three times the frequency 

normally used to listen for meteor radio echoes. The 

evidence for this limit is shown by comparing the American 

data with the Italian data. If the hourly rates are compared, 

it can be seen that the number of meteors received per 

observer in the USA is at least three times larger than that 

in Italy (Figure 3). 

 

Figure 3 – Comparison beetween 50 Mhz and 143 Mhz receiving 

systems. 

 

It should be noted that the transmitter used in the USA is a 

television transmitter, i.e., a broadcaster which in all 

probability uses antennas with a flat radiation lobe, aimed 

essentially at ground reception and certainly not aimed at 

the sky, nevertheless the efficiency of the reception on this 

frequency is evident. 

Hence the need to create a transmitter on 50Mhz with 

upward transmission in Italy too, similarly to what has 

already been done in Belgium, Japan and recently also in 

Great Britain. 

While waiting for this solution, it would be interesting to 

test the CARMELO system also in some of these countries 

for a first comparison with the Italian data which we 

illustrate in the next section. 

3 First results 

The CARMELO system allows the creation of a database in 

which all the data related to each single reception are 

automatically recorded, in addition to the data relating to 

each single receiver. The information in this database 

include location, latitude, longitude, Tx frequency, noise 

floor (dB), antenna, gain (dB), sampling duration (ms), 

meteor duration (ms), max power (snr), angle of view 

covered by the antenna (°), identifying sign of the receiving 

station, identifying color of the receiving station and instant 

of meteor beginning (in milliseconds). 

Querying this database allows statistical analysis and 

comparisons with observations made in different ways, for 

example visual observations, and this has allowed us to 

compare our data with the Global Meteor Network (GMN) 

database based on the automatic observation of meteors 

using video cameras. 

Each single recording allows us to analyze the waveforms 

with graphic representation of both amplitude (signal to 

noise ratio of the received electromagnetic field) and the 

frequency (Figure 4). It is also possible to superimpose 

receptions of the same meteor by different observers. An 

initial evaluation of CARMELO’s potential can be obtained 

from the representation of the waveform generated by a 

fireball with a duration of several seconds (Figure 2) which 

shows the sweeping frequency of the Graves transmitter. 

As mentioned, CARMELO performs the fast Fourier 

transformation for each sampling performed; the duration 

of each sample varies from 30 to 33 milliseconds. The 

temporal resolution of the system is therefore equal to this 

value and the system exclusively observes overdense 

meteors, due to the fact that underdense meteors have a 
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Figure 4 – Graphical representation of a CARMELO recording. Note in the third graph that, when the meteor echo ends (SNR goes to 

zero) the frequency (random) of the noise always falls off the scale. 

 

 

Figure 5 – Meteor event recorded on 2022 October 19 at 11h47m01s UTC by observer San Giovanni in Persiceto BO, Italy. 

 

Figure 6 – A few dozen meteors recorded by CARMELO projected on the ground of the corresponding optical counterparts? The blue 

segments indicate the direction, the red dots are the beginning of the meteors. 
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duration shorter than the sampling time (Figure 5). This 

makes it more suitable for observing meteor showers and 

less suitable for observing sporadic meteors. 

The meteors recorded in the first months of the CARMELO 

network in Italy show that we observe an extremely wide 

field of view (Figure 6). The trajectories of the observed 

meteors are scattered in all directions. The transmitter and 

receivers are located at a great distance (on average 550 

km), the transmitter has radiating panels which cover a 

beam between 15 and 40 degrees of elevation, and the 

receiving antennas also have an elevation of about 30°. For 

these reasons the majority of the positions of the meteors 

are located between the transmitter and the receivers, but in 

some cases, it is possible to see them north of the transmitter 

or south of the receivers. 

4 Theoretical considerations 

The physics of radio meteors teach us that the reflection of 

radio waves in the meteor trail is specular, i.e.: the 

necessary condition for receiving an echo is that the angle 

of incidence is equal to that of reflection (Figure 7). 

 

Figure 7 – Reflection of a ray of light on a mirror: the angle of 

incidence is equal to that of the reflection. 

 

Figure 8 – Meteor tangent to the ellipsoid. T and R are in the foci. 

 

In Figure 8 the receiver R sees the transmitter T only in one 

point of the mirror, as a consequence the observed signal 

comes from a restricted area on the meteor trail. We can 

approximate this area as a point, which we will call P. 

Its position in space depends only on the geometry of the 

specular reflection. In Figure 8 the point P is identified 

geometrically as the one in which the path between the 

transmitter and the receiver is shorter. (Wislez, 2005). It lies 

on an ellipsoid which foci consist of transmitter T and 

 
12 https://en.wikipedia.org/wiki/Network_Time_Protocol 

receiver R, and the path of the meteor is tangent to this 

ellipsoid. 

It should be noted that this point does not necessarily 

coincide with the point, which we will call M, in which the 

meteor “lights up”, the beginning point where it becomes 

visible for the visual observer. 

A second receiver R1, placed at a different position, if it also 

receives the meteor echo of the same meteor, will receive it 

coming from a different point on the same path that we will 

call P1 in which the track of the meteor is also tangent to a 

second ellipsoid with foci T and R1, see Figure 9. 

 

Figure 9 – Meteor tangent to the two ellipsoids. T, R and R1 are in 

the foci. 

 

In the case of relatively short distances between the two 

receivers, the two ellipsoids differ slightly. The meteor 

moves along the trajectory with a high velocity reaching the 

points P and P1 at different times which we can call T and 

T1. 

5 Simultaneous receptions 

The Graves transmitter transmits an unmodulated 

continuous carrier, therefore, in reception, there are no 

impulses that allow us to detect the delays due to the 

different path taken by the reflected signal. This means that 

the temporal evaluation must be carried out exclusively on 

the delay times due to the movement of the meteor in the 

atmosphere. 

As mentioned before, the system records data accurate to a 

millisecond, even if the time resolution of each single 

sampling requires us to consider a ΔT of plus or minus 15 

ms. Synchronization between the receivers is carried out via 

the NTP (Network Time Protocol)12 system capable of 

guaranteeing an accuracy of less than 10 ms and therefore 

less than the time resolution of CARMELO. 

Nonetheless we carried out a field test by measuring 

“artificial” meteors, i.e., generated by a portable radio 

transmitter with three different receivers placed a few 

kilometers away. The result was that 100% of the signal 

receiving times were identical plus or minus 15 ms ΔT. 

With receivers placed in a radius of between 10 and 40 km, 

most of the meteors are received simultaneously by two or 

more receivers. We therefore set ourselves the goal of 

 

https://en.wikipedia.org/wiki/Network_Time_Protocol


eMeteorNews 2023 – 3 

© eMeteorNews 205 

 

Figure 10 – In the upper part: superposition of four simultaneous receptions, in the lower part: geographical location of the receivers. 

 

Figure 11 – Sometimes not all the waveforms have the same shape. 

 

comparing these observations in search of clues that lead us 

to identify the orientation, direction and position of the 

meteor’s path. Each CARMELO receiver records, to the 

millisecond, the meteor start time, from now on: T(im); this 

measurement is the instant following the first two samplings 

in which the fast Fourier transformation detects the 

frequency of the carrier for two consecutive times with an 

amplitude in which the signal-to-noise ratio (S/N) exceeds 

the pre-set threshold.  

In simultaneous receptions, the meteor starting time T(im) 

varies between one and the other reception in a range from 

zero to half a second. In the stacked image of the waveforms 

of the simultaneous recordings it is sometimes noted how 

the curves, although very similar, present differences, see 

Figure 11. 

The first cause of these differences concerns the antenna 

gain: not all antennas are identical and not all have the same 

pointing or the same height from the ground. First of all, all 

this entails a different amplitude in the signal-to-noise ratio 

(S/N) but this can also cause a delay in the identification of 

the first instant T(im). 

In some meteors an increasing front can be clearly seen, in 

others this is less visible. This way, the question arises how 

to choose which is the instant to be considered as the instant 

in which the meteor reaches point P, i.e., if the instant T(im) 

measured automatically by the CARMELO system or the 

instant in which the ascending of the wave front begins. 
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For this experience we have chosen the first hypothesis. We 

have taken the Italian recordings in a period from July to 

November 2022 into consideration by isolating all the radio 

meteors received simultaneously by at least three receivers. 

In this way it is possible to compare the start timings of 

receivers placed scattered over the area and therefore able 

to have, at least in 2D projection an infinity of combinations 

of possible time sequences. 

Comparing the meteor start times of each single recording 

with the geographic position of the observers on the 

territory, we first of all noticed how it was almost always 

possible to highlight a coherence between the times and the 

positions. For instance, the delay times between the 

observers, even in the 2D approximation in projection on 

the ground, were arranged in a time sequence consistent 

with the arrangement of the receivers and these appeared 

almost never random. 

We therefore tried to assume, for each meteor, the 

projection of its path onto the ground based on the delay 

times between one and the other. Obviously, this procedure, 

also based on a Python script, involves a great 

approximation, the greater the approximation the smaller 

the number of observers. 

Although approximate, this method has allowed us to 

identify a hypothesis for the projection on the ground of 

which we only know the direction and orientation while we 

know nothing about the position. These direction and 

orientation hypotheses then had to be verified with visual 

observation. To do this it is necessary to compare the radio 

data with those recorded by the video cameras dedicated by 

astronomers and amateur astronomers to the night 

observation of the meteors. Our choice fell on the GMN 

(Global Meteor Network) database13. 

We know that the time in which the first luminous trace 

appears in the sky does not always coincide with the time in 

which the first reflected radio signal reaches a receiver. 

From Figure 9 and from the previous paragraph it is 

possible to notice how the two points P and M can differ, 

and consequently also the corresponding timings. For the 

purpose of this research, this consideration is not 

particularly interesting and therefore we have decided to 

define as the optical counterparts, all those meteors of the 

GMN database having the starting time coinciding with 

those of CARMELO within a range of one second. 

However, this procedure has a drawback. The temporal 

coincidence between the two databases does not ensure that 

we cannot be dealing with two different meteors, which 

took place at the same moment, but which are located in 

different areas. This uncertainty may have contaminated our 

comparison, albeit with a low probability. 

We compared the timings of the start of the meteor 

calculated in the CARMELO and GMN databases with a 

Python script, setting as a condition, in addition to the 

 
13 https://en.wikipedia.org/wiki/Network_Time_Protocol  

temporary one, also the geographical limits of central 

Europe. The outcome of this comparison identified 46 

events. 

In these 46 events, 15 meteors had insufficient radio 

observations to be able to define a trajectory hypothesis, 

either because the delay times were close to zero, or because 

the waveforms were too different from each other. 

In the remaining 31 cases we were able to define a trajectory 

hypothesis, at this point we were able to compare it with the 

ground projections of the meteors recorded by GMN14. 

We have defined those having roughly the same direction 

(more or less about thirty degrees) and the same orientation 

as coherent” and as inconsistent those in which one or none 

of these conditions was met. The result was 25 “coherent” 

meteors, equal to 84% and 5 “inconsistent”, equal to 16%. 

6 Reception with greater distances 

New observers joining the CARMELO network, placed at 

greater distances than those examined in the previous test 

confirmed that even for distances of a few hundred 

kilometers the differences in arrival times increase as the 

distance increases, while remaining consistent in timeline 

with a straight path. 

7 Final considerations and future 

developments 

The observations illustrated here constitute a first 

exclusively qualitative result, but we would like to highlight 

how, despite all the limitations described in the second 

paragraph, the possibility of exploiting the CARMELO 

system for the automatic identification of the direction of 

the meteors emerges, the first step in a search for radiants. 

To further explore this path, however, it is necessary to get 

rid from the limits imposed by listening for the Graves 

transmitter signal. It is necessary to build a network of 

observatories spread over the territory with antennas 

pointing vertically in an area of some tens of kilometers 

around a transmitter operating on 50 MHz with vertical 

irradiation and circular polarization. Alternatively, it is 

necessary to experiment with this technique where such a 

network already exists. 

For this reason, the availability and contribution of 

scientific organizations and individual amateurs to expand 

the network remains a crucial necessity. 
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An overview of the radio observations during February 2023 is given. 

 

1 Introduction 

The graphs show both the daily totals (Figure 1 and 2) and 

the hourly numbers (Figure 3 and 4) of “all” reflections 

counted automatically, and of manually counted 

“overdense” reflections, overdense reflections longer than 

10 seconds and longer than 1 minute, as observed here at 

Kampenhout (BE) on the frequency of our VVS-beacon 

(49.99 MHz) during the month of February 2023. 

The hourly numbers, for echoes shorter than 1 minute, are 

weighted averages derived from: 

𝑁(ℎ) =
𝑛(ℎ − 1)

4
+

𝑛(ℎ)

2
+

𝑛(ℎ + 1)

4
 

No lightning activity was observed and local interference 

and unidentified noise remained low during this month, 

with however almost every day weak to very strong brief 

periods of solar noise (Figures 5 and 6), which are of course 

very interesting as such. 

 
15 https://www.meteornews.net/wp-

content/uploads/2023/03/202302_49990_FV_rawcounts.csv 

During this month there were, as expected, no strong or eye-

catching meteor showers, but closer examination of the data 

- in particular the overdense - reveals a number of weak 

showers. 

Over the entire month, 6 reflections longer than 1 minute 

were observed here. A selection of long reflections is shown 

in Figures 7 to 14.  

In addition to the usual graphs, you will also find the raw 

counts in cvs-format15 from which the graphs are derived. 

The table contains the following columns: day of the month, 

hour of the day, day + decimals, solar longitude (epoch 

J2000), counts of “all” reflections, overdense reflections, 

reflections longer than 10 seconds and reflections longer 

than 1 minute, the numbers being the observed reflections 

of the past hour. 

https://www.meteornews.net/wp-content/uploads/2023/03/202302_49990_FV_rawcounts.csv
https://www.meteornews.net/wp-content/uploads/2023/03/202302_49990_FV_rawcounts.csv
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Figure 1 – The daily totals of “all” reflections counted automatically, and of manually counted “overdense” reflections, as observed here 

at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during February 2023. 
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Figure 2 – The daily totals of  overdense reflections longer than 10 seconds and longer than 1 minute, as observed here at Kampenhout 

(BE) on the frequency of our VVS-beacon (49.99 MHz) during February 2023. 
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Figure 3 – The hourly numbers of “all” reflections counted automatically, and of manually counted “overdense” reflections, as observed 

here at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during February 2023. 
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Figure 4 – The hourly numbers of overdense reflections longer than 10 seconds and longer than 1 minute, as observed here at 

Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during February 2023. 
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Figure 5 – Strong brief period of solar noise 21 February. 

 

Figure 6 – Strong brief period of solar noise 23 February. 

 

Figure 7 – Meteor echo 1 February 2023, 7h45m UT. 

 

Figure 8 – Meteor echo 3 February 2023, 0h10m UT. 

 

Figure 9 – Meteor echo 4 February 2023, 7h45m UT. 

 

Figure 10 – Meteor echo 5 February 2023, 8h35m UT. 
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Figure 11 – Meteor echo 13 February 2023, 10h35m UT. 

 

Figure 12 – Meteor echo 15 February 2023, 2h25m UT. 

 

Figure 13 – Meteor echo 23 February 2023, 7h20m UT. 

 

Figure 14 – Meteor echo 24 February 2023, 0h35m UT. 

 

Figure 15 – Meteor echo 25 February 2023, 2h00m UT. 

 

Figure 16 – Meteor echo 25 February 2023, 6h50m UT. 
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An overview of the radio observations during March 2023 is given. 

 

 

1 Introduction 

The graphs show both the daily totals (Figure 1 and 2) and 

the hourly numbers (Figure 3 and 4) of “all” reflections 

counted automatically, and of manually counted 

“overdense” reflections, overdense reflections longer than 

10 seconds and longer than 1 minute, as observed here at 

Kampenhout (BE) on the frequency of our VVS-beacon 

(49.99 MHz) during the month of March 2023. 

The hourly numbers, for echoes shorter than 1 minute, are 

weighted averages derived from: 

𝑁(ℎ) =
𝑛(ℎ − 1)

4
+

𝑛(ℎ)

2
+

𝑛(ℎ + 1)

4
 

Weak to moderate lightning activity was recorded on just 3 

days, while local interference and unidentified noise 

remained low this month. Solar noise was also rather 

limited, with nonetheless a few fairly strong outbursts like 

the one on March 4 (Figure 5). 

Meteor activity reached its annual minimum this month as 

expected, with no strong or prominent meteor showers, but 

a closer look at the data reveals some fainter showers. 

Over the entire month, 4 reflections longer than 1 minute 

were observed. A selection of these, along with some 

interesting “epsilons” are included (Figures 6 to 20). Many 

more are available on request. 

The number of measurable head reflections remained fairly 

limited, but two examples are attached (Figures 21 and 22). 

While the x-axis of the SpecLab images is 5 minutes, with 

the zoomed head reflection it is only 2 seconds. 

Measurement of the slope of these head reflections give 

velocities of resp. 59 km/s (20230309_0119 UT) and 45 

km/s (20230331_1456 UT). For the calculation used, the 

method has been described a few years ago (Verbelen, 

2019). Over the entire month, 6 reflections longer than 1 

minute were observed here. A selection of long reflections 

is shown in Figures 9 to 16.  

In addition to the usual graphs, you will also find the raw 

counts in cvs-format16 from which the graphs are derived. 

The table contains the following columns: day of the month, 

hour of the day, day + decimals, solar longitude (epoch 

J2000), counts of “all” reflections, overdense reflections, 

reflections longer than 10 seconds and reflections longer 

than 1 minute, the numbers being the observed reflections 

of the past hour. 
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Figure 1 – The daily totals of “all” reflections counted automatically, and of manually counted “overdense” reflections, as observed here 

at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during March 2023. 
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Figure 2 – The daily totals of  overdense reflections longer than 10 seconds and longer than 1 minute, as observed here at Kampenhout 

(BE) on the frequency of our VVS-beacon (49.99 MHz) during March 2023. 
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Figure 3 – The hourly numbers of “all” reflections counted automatically, and of manually counted “overdense” reflections, as observed 

here at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during March 2023. 
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Figure 4 – The hourly numbers of overdense reflections longer than 10 seconds and longer than 1 minute, as observed here at 

Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during March 2023. 
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Figure 5 – Solar noise outburst on 4 March 2023. 

 

Figure 6 – Meteor echo 1 March 2023, 4h50m UT. 

 

Figure 7 – Meteor echo 1 March 2023, 9h10m UT. 

 

Figure 8 – Meteor echo 1 March 2023, 10h00m UT. 

 

Figure 9 – Meteor echo 5 March 2023, 14h30m UT. 

 

Figure 10 – Meteor echo 6 March 2023, 6h30m UT. 
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Figure 11 – Meteor echo 8 March 2023, 9h30m UT. 

 

Figure 12 – Meteor echo 9 March 2023, 3h20m UT. 

 

Figure 13 – Meteor echo 15 March 2023, 12h00m UT. 

 

 

Figure 14 – Meteor echo 19 March 2023, 2h20m UT. 

 

Figure 15 – Meteor echo 20 March 2023, 6h05m UT. 

 

Figure 16 – Meteor echo 23 March 2023, 6h25m UT. 
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Figure 17 – Meteor echo 26 March 2023, 6h25m UT. 

 

Figure 18 – Meteor echo 27 March 2023, 2h50m UT. 

 

Figure 19 – Meteor echo 28 March 2023, 13h00m UT. 

 

 

Figure 20 – Meteor echo 31 March 2023, 7h25m UT. 

 

Figure 21 – Head reflections 9 March 2023, 01h19m UT. 

 

Figure 22 – Head reflections 31 March 2023, 14h56m UT. 
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This work focuses on the analysis of some of the bright meteors recorded by the Southwestern Europe Meteor 

Network from February to March 2023. These were spotted from Spain. Their absolute magnitude ranges from –8 

to –11. Bolides included in this report were associated with the sporadic background and minor meteoroid streams. 

 

 

1 Introduction 

Our team is performing since 2006 a systematic monitoring 

of meteor activity in the framework of the SMART project 

(Spectroscopy of Meteoroids by means of Robotic 

Technologies), which started operation in 2006 with the aim 

to determine valuable clues about the properties of 

meteoroids ablating in the Earth’s atmosphere. This 

includes chemical information derived from the emission 

spectra of meteors generated by these particles of 

interplanetary matter. This survey is being conducted in the 

framework of the Southwestern Europe Meteor Network 

(SWEMN). It employs an array of automated spectrographs 

deployed at different meteor-observing stations in Spain 

(Madiedo, 2014; Madiedo, 2017). This allows to derive the 

luminous path of meteors and the orbit of their progenitor 

meteoroids, and also to study the evolution of meteor 

plasmas from the emission spectrum produced by these 

events (Madiedo, 2015a; 2015b). SMART also provides 

important information for our MIDAS project, which is 

being conducted by the Institute of Astrophysics of 

Andalusia (IAA-CSIC) to study lunar impact flashes 

produced when large meteoroids impact the Moon 

(Madiedo et al., 2015; Madiedo et al., 2018; Madiedo et al. 

2019; Ortiz et al., 2015).  

In this work we describe the preliminary analysis of six 

bright meteors recorded by the SWEMN network along 

February and March 2023. This work has been fully written 

by AIMEE (acronym for Artificial Intelligence with 

Meteoroid Environment Expertise) from the records 

included in the SWEMN fireball database (Madiedo et al., 

2021; Madiedo et al., 2022). 
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2 Equipment and methods 

The events presented here have been recorded by using 

Watec 902H2 and Watec 902 Ultimate cameras. Their field 

of view ranges from 62 × 50 degrees to 14 × 11 degrees. To 

record meteor spectra we have attached holographic 

diffraction gratings (1000 lines/mm) to the lens of some of 

these cameras. We have also employed digital CMOS color 

cameras (models Sony A7S and A7SII) operating in HD 

video mode (1920 × 1080 pixels). These cover a field of 

view of around 70 × 40 degrees. A detailed description of 

this hardware and the way it operates was given in previous 

works (Madiedo, 2017). Besides digital CMOS cameras 

manufactured by ZWO (model ASI185MC) were used. The 

atmospheric paths of the events were triangulated by means 

of the SAMIA software, developed by J.M. Madiedo. This 

program employs the planes-intersection method 

(Ceplecha, 1987). 

 

Figure 1 – Stacked image of the SWEMN20230201_200423 

“Oulad Ameur” fireball as recorded from Calar Alto. 

 

Figure 2 – Atmospheric path of the SWEMN20230201_200423 

“Oulad Ameur” fireball, and its projection on the ground. 

3 Description of the 2023 February 1 

meteor 

This striking bolide was recorded on 2023 February 1 at 

20h04m23.0 ± 0.1s UT from the meteor-observing stations 

located at Huelva, La Hita (Toledo), Calar Alto, Sierra 

Nevada, La Sagra (Granada), and Sevilla (Figure 1). The 

maximum luminosity of the event was equivalent to an 

absolute magnitude of –11.0 ± 1.0. It was listed in the 

SWEMN meteor database with the code 

SWEMN20230201_200423. The fireball could also be 

observed by a wide number of causal eyewitnesses. 

Atmospheric trajectory, radiant and orbit 

The analysis of the atmospheric trajectory of the bright 

meteor revealed that this bolide overflew Algeria and 

Morocco. The luminous event began at an altitude 

Hb = 93.2 ± 0.5 km. The meteor penetrated the atmosphere 

till a final height He = 41.6 ± 0.5 km. The equatorial 

coordinates found for the apparent radiant are α = 160.04º, 

δ = +59.10º. The entry velocity in the atmosphere inferred 

for the parent meteoroid was v∞ =25.5 ± 0.3 km/s. The 

obtained trajectory in our atmosphere of the bolide is shown 

in Figure 2. The heliocentric orbit of the parent meteoroid 

is drawn in Figure 3. 

Table 1 – Orbital data (J2000) of the progenitor meteoroid before 

its encounter with our planet. 

a (AU) 1.90 ± 0.06 ω (º) 247.6 ± 00.6 

e 0.60 ± 0.01 Ω (º) 312.386216 ± 10–5 

q (AU) 0.755 ± 0.002 i (º) 30.1 ± 0.3 

 

 

Figure 3 – Projection on the ecliptic plane of the orbit of the parent 

meteoroid of theº SWEMN20230201_200423 “Oulad Ameur” 

bolide. 

 

This fireball was named “Oulad Ameur”, because the 

meteor was located over this locality during its initial phase. 

Table 1 contains the orbital parameters of the progenitor 

meteoroid before its encounter with our planet, and the 
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geocentric velocity derived in this case was vg = 22.7 ± 0.3 

km/s. From the value derived for the Tisserand parameter 

with respect to Jupiter (TJ = 3.56), we found that the 

meteoroid was moving on an asteroidal orbit before 

entering the atmosphere. By taking into account these 

parameters and the derived radiant position, it was 

concluded that the bright meteor was produced by the 

sporadic component. 

 

Figure 4 – Stacked image of the SWEMN20230302_011351 

“Casa de la Vega” fireball. 

 

Figure 5 – Atmospheric path of the SWEMN20230302_011351 

“Casa de la Vega” fireball, and its projection on the ground. 

4 Analysis of the 2023 March 2 bolide 

This bright bolide was captured on 2023 March 2, at 

1h13m51.0 ± 0.1s UT (Figure 4). Its maximum brightness 

was equivalent to an absolute magnitude of –8.0 ± 1.0. It 

was listed in the SWEMN meteor database with the code 

SWEMN20230302_011351. 

Atmospheric path, radiant and orbit 

It was deduced by calculating the luminous path of the event 

that this fireball overflew the province of Cuenca (Spain). 

The meteoroid started ablating at a height Hb = 130.7 ± 0.5 

km, with the terminal point of the luminous phase located 

at a height He = 85.6 ± 0.5 km. The position concluded for 

the apparent radiant corresponds to the equatorial 

coordinates α = 239.55º, δ = –1.78º. The entry velocity in 

the atmosphere deduced for the progenitor meteoroid was 

v∞ = 68.5 ± 0.3 km/s. The calculated atmospheric path of 

the bright meteor is shown in Figure 5, and the heliocentric 

orbit of the meteoroid is drawn in Figure 6. 

 

Figure 6 – Projection on the ecliptic plane of the orbit of the parent 

meteoroid of theº SWEMN20230302_011351 “Casa de la Vega” 

event. 

 

This bright meteor was named “Casa de la Vega”, because 

the event was located near the zenith of this locality during 

its final phase. The parameters of the orbit in the Solar 

System of the progenitor meteoroid before its encounter 

with our planet are listed in Table 2. The geocentric velocity 

obtained for the particle yields vg = 67.3 ± 0.3 km/s. The 

value found for the Tisserand parameter referred to Jupiter 

(TJ = –0.23) suggests that the meteoroid followed a 

cometary (HTC) orbit before entering the atmosphere. 

These data and the calculated radiant coordinates confirm 

that the event was associated with the February μ-Virginids 

(IAU shower code FMV#0516). 

Table 2 – Orbital data (J2000) of the progenitor meteoroid before 

its encounter with our planet. 

a (AU) 7.3 ± 1.4 ω (º) 223.3 ± 00.7 

e 0.88 ± 0.02 Ω (º) 340.870887 ± 10–5 

q (AU) 0.864 ± 0.002 i (º) 147.1 ± 0.1 
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5 The second bright meteor on 2023 

March 2 

We recorded this bright meteor from the meteor-observing 

stations located at Huelva, La Hita (Toledo), Calar Alto, 

Sierra Nevada, La Sagra (Granada), and Sevilla (Figure 7). 

The bolide was captured on 2023 March 2, at 

3h56m05.0 ± 0.1s UT. The peak brightness of the event, that 

presented a bright flare at the final phase of its trajectory in 

our atmosphere, was equivalent to an absolute magnitude of 

–10.0 ± 1.0. This flare arose as a consequence of the sudden 

disruption of the meteoroid. The code assigned to the bolide 

in the SWEMN meteor database is 

SWEMN20230302_035605. The bright meteor can be 

viewed on YouTube17. 

 

Figure 7 – Stacked image of the SWEMN20230302_035605 

“Oulad Khallouf” event. 

 

Figure 8 – Atmospheric path of the SWEMN20230302_035605 

“Oulad Khallouf” meteor, and its projection on the ground. 

 
17 https://youtu.be/nZ86vpCCQUk 

Atmospheric path, radiant and orbit 

By calculating the trajectory in the atmosphere of the event 

it was concluded that this fireball overflew Morocco. Its 

initial altitude was Hb = 119.5 ± 0.5 km. The event 

penetrated the atmosphere till a final height He = 84.5 ± 0.5 

km. The position concluded for the apparent radiant 

corresponds to the equatorial coordinates α = 264.97º, 

δ = +2.54º. Besides, we deduced that the meteoroid entered 

the atmosphere with a velocity v∞ = 66.1 ± 0.3 km/s.  

Figure 8 shows the calculated trajectory in our atmosphere 

of the meteor. The heliocentric orbit of the meteoroid is 

shown in Figure 9. 

We named this fireball “Oulad Khallouf”, since the bolide 

was located over this locality during its initial phase. The 

parameters of the heliocentric orbit of the parent meteoroid 

before its encounter with our planet have been listed in 

Table 3, and the geocentric velocity derived in this case was 

vg = 64.9 ± 0.3 km/s. According to the value calculated for 

the Tisserand parameter with respect to Jupiter (TJ = –0.25), 

the meteoroid followed a cometary (HTC) orbit before 

entering the atmosphere. Radiant and orbital data do not 

match any of the meteoroid streams in the IAU meteor 

database. So, we concluded that this event was produced by 

the sporadic background.  

Table 3 – Orbital data (J2000) of the progenitor meteoroid before 

its encounter with our planet. 

a (AU) 9.6 ± 2.4 ω (º) 139.1 ± 00.7 

e 0.90 ± 0.02 Ω (º) 340.984545 ± 10–5 

q (AU) 0.875 ± 0.002 i (º) 133.7 ± 0.1 

 

 

Figure 9 – Projection on the ecliptic plane of the orbit of the parent 

meteoroid of theº SWEMN20230302_035605 “Oulad Khallouf” 

meteor. 

https://youtu.be/nZ86vpCCQUk
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6 The third bolide on 2023 March 2 

Our cameras captured a third event on 2023 March 2, at 

21h39m20.0 ± 0.1s UT. The peak brightness this bright 

meteor was equivalent to an absolute magnitude of  

–9.0 ± 1.0 (Figure 10). It was listed in the SWEMN meteor 

database with the code SWEMN20230302_213920. A wide 

number of casual observers saw how the fireball crossed the 

sky, and a video showing the meteor was uploaded to 

YouTube18. 

 

Figure 10 – Stacked image of the SWEMN20230302_213920 

“Arroyos” event. 

 

Figure 11 – Atmospheric path of the SWEMN20230302_213920 

“Arroyos” bolide, and its projection on the ground. 

Atmospheric path, radiant and orbit 

This event overflew the provinces of Almería and Jaén 

(south of Spain). It began at an altitude Hb = 100.1 ± 0.5 

km, and penetrated the atmosphere till a final height 

He = 41.6 ± 0.5 km. The position inferred for the apparent 

radiant corresponds to the equatorial coordinates 

α = 160.63º, δ = –2.77º. The meteoroid hit the atmosphere 

with an initial velocity v∞ = 26.8 ± 0.3 km/s. The obtained 

trajectory in the Earth’s atmosphere of the bright meteor is 

 
18 https://youtu.be/TY842Pm7wBk 

shown in Figure 11. The heliocentric orbit of the meteoroid 

is drawn in Figure 12. 

This event was named “Arroyos”, because the bolide 

overflew this locality during its final phase. Table 4 

contains the parameters of the orbit in the Solar System of 

the progenitor meteoroid before its encounter with our 

planet. The value calculated for the geocentric velocity was 

vg = 24.2 ± 0.3 km/s. According to the value found for the 

Tisserand parameter with respect to Jupiter (TJ = 3.10), the 

particle was moving on an asteroidal orbit before colliding 

with our atmosphere. By taking into account these data and 

the derived radiant position, it was concluded that the bright 

meteor was produced by the η-Virginids (IAU code 

EVI#0011) (Jenniskens et al., 2016). 

Table 4 – Orbital data (J2000) of the progenitor meteoroid before 

its encounter with our planet. 

a (AU) 2.30 ± 0.09 ω (º) 92.3 ± 0.2 

e 0.76 ± 0.01 Ω (º) 161.720834 ± 10–5 

q (AU) 0.544 ± 0.003 i (º) 9.7 ± 0.1 

 

 

Figure 12 – Projection on the ecliptic plane of the orbit of the 

parent meteoroid of theº SWEMN20230302_213920 “Arroyos” 

meteor. 

7 Description of the 2023 March 8 bolide 

We recorded this bright meteor from the meteor-observing 

stations located at Huelva, La Hita (Toledo), Calar Alto, 

Sierra Nevada, La Sagra (Granada), and Sevilla. The bolide 

was spotted on 2023 March 8, at 22h15m18.0 ± 0.1s UT. It 

had a peak absolute magnitude of –8.0 ± 1.0 (Figure 13) 

and exhibited a series of flares along its luminous path as a 

consequence of the sudden break-up of the meteoroid. The 

event was added to our meteor database with the code 

SWEMN20230308_221518. A video with images of the 

bolide and its trajectory in our atmosphere was uploaded to 

https://youtu.be/TY842Pm7wBk
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YouTube19. Casual observers also saw the bright meteor 

crossing the sky. 

 

Figure 13 – Stacked image of the SWEMN20230308_221518 

“Santa Marina” fireball. 

 

Figure 14 – Atmospheric path of the SWEMN20230308_221518 

“Santa Marina” fireball, and its projection on the ground. 

Atmospheric path, radiant and orbit 

From the analysis of the trajectory in our atmosphere of the 

fireball it was found that this bright meteor overflew the 

province of Jaén (south of Spain). Its initial altitude was 

Hb = 78.8 ± 0.5 km, and the event penetrated the 

atmosphere till a final height He = 44.7 ± 0.5 km. The 

equatorial coordinates found for the apparent radiant are 

α = 154.43º, δ = –1.98º. Besides, we obtained that the 

meteoroid hit the atmosphere with a velocity 

v∞ = 22.1 ± ±0.3 km/s. Figure 14 shows the calculated 

 
19 https://youtu.be/4XwK6maZiF8 

trajectory in the atmosphere of the bolide. The orbit in the 

Solar System of the meteoroid is shown in Figure 15. 

Table 5 – Orbital data (J2000) of the progenitor meteoroid before 

its encounter with our planet. 

a (AU) 2.5 ± 0.1 ω (º) 68.07 ± 00.07 

e 0.71 ± 0.01 Ω (º) 167.756983 ± 10–5 

q (AU) 0.733 ± 0.002 i (º) 8.26 ± 0.08 

 

The bright meteor was named “Santa Marina”, since the 

fireball was located over this locality during its initial phase. 

The parameters of the heliocentric orbit of the progenitor 

meteoroid before its encounter with our planet have been 

listed in Table 5. The geocentric velocity obtained for the 

particle yields vg = 19.0 ± 0.3 km/s. From the value found 

for the Tisserand parameter with respect to Jupiter 

(TJ = 2.99), we found that the particle followed a cometary 

(JFC) orbit before colliding with the atmosphere. By taking 

into account these values and the calculated radiant 

coordinates, the bolide was linked to the sporadic 

component. 

 

Figure 15 – Projection on the ecliptic plane of the orbit of the 

progenitor meteoroid of theº SWEMN20230308_221518 “Santa 

Marina” event. 

8 Analysis of the 2023 March 12 bolide 

This bright event was captured on 2023 March 12, at 

1h24m57.0 ± 0.1s UT (Figure 16). Its peak brightness was 

equivalent to an absolute magnitude of –9.0 ± 1.0. It 

presented different flares along its trajectory in the 

atmosphere as a consequence of the sudden disruption of 

the meteoroid. The bolide was added to our meteor database 

with the code SWEMN20230312_012457. A video about 

this fireball can be viewed on YouTube20. 

20 https://youtu.be/KfLBCj0jt3k 

https://youtu.be/4XwK6maZiF8
https://youtu.be/KfLBCj0jt3k
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Figure 16 – Stacked image of the SWEMN20230312_012457 

“Pedrezuela” bolide. 

 

Figure 17 – Atmospheric path of the SWEMN20230312_012457 

“Pedrezuela” event, and its projection on the ground. 

Atmospheric path, radiant and orbit 

This bolide overflew the provinces of Madrid and Segovia 

(Spain). Its initial altitude was Hb = 70.8 ± 0.5 km. The 

event penetrated the atmosphere till a final height 

He = 33.7 ± 0.5 km and the apparent radiant was located at 

the equatorial coordinates α = 209.35º, δ = –18.53º. The 

entry velocity in the atmosphere deduced for the parent 

meteoroid was v∞ = 14.5 ± 0.2 km/s. The calculated 

trajectory in the atmosphere of the fireball is shown in 

Figure 17, and the orbit in the Solar System of the 

meteoroid is shown in Figure 18. 

Table 6 – Orbital data (J2000) of the progenitor meteoroid before 

its encounter with our planet. 

a (AU) 0.732 ± 0.004 ω (º) 161.4 ± 00.2 

e 0.40 ± 0.01 Ω (º) 170.887076 ± 10–5 

q (AU) 0.43 ± 0.01 i (º) 7.1 ± 0.1 

The name given to the bolide was “Pedrezuela”, because the 

meteor passed near the zenith of this locality during its 

initial phase. Table 6 shows the parameters of the orbit in 

the Solar System of the progenitor meteoroid before its 

encounter with our planet. The geocentric velocity obtained 

for the particle yields vg = 9.1±0.3 km/s. According to the 

value found for the Tisserand parameter with respect to 

Jupiter (TJ = 7.79), the meteoroid was moving on an 

asteroidal orbit before impacting our planet’s atmosphere. 

By taking into account these values and the derived radiant 

position, the event was linked to the sporadic component. 

 

Figure 18 – Projection on the ecliptic plane of the orbit of the 

progenitor meteoroid of theº SWEMN20230312_012457 

“Pedrezuela” meteor. 

9 Conclusions 

Some of the most luminous bolides recorded by SWEMN 

from February to March 2023 have been presented here. 

Their absolute magnitude ranges from –8 to –11.  

The “Oulad Ameur” event was recorded on February 1. 

This sporadic fireball had a peak absolute magnitude of  

–11.0 and overflew Algeria and Morocco. The particle 

followed an asteroidal orbit before colliding with the 

Earth’s atmosphere. This deep-penetrating meteor reached 

a final height of about 41 km. 

Next, we have described an event recorded on March 2 

which was named “Casa de la Vega”. It reached a peak 

absolute magnitude of –8.0 and belonged to the February μ-

Virginids (FMV#0516). This meteor overflew the province 

of Cuenca (Spain). Before colliding with our atmosphere, 

the meteoroid was moving on a cometary (HTC) orbit. 

The third bright meteor presented here was the “Oulad 

Khallouf” fireball. This was also recorded on March 2. It 

reached a peak absolute magnitude of –10.0 and was 

associated with the sporadic component. This meteor 

overflew Morocco. The progenitor particle followed a 

cometary (HTC) orbit before hitting our atmosphere.  
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Next, we have discussed the “Arroyos” bright meteor. This 

was the third remarkable event recorded on March 2. Its 

peak magnitude was –9.0. The meteor was produced by an 

η-Virginid (EVI#0011) meteoroid and overflew the 

provinces of Almería and Jaén (south of Spain). Before 

hitting our atmosphere, the meteoroid was moving on an 

asteroidal orbit. At the terminal stage of its luminous phase 

this deep-penetrating fireball was located at a height of 

about 41 km. 

The fifth bright meteor analyzed here was a fireball 

recorded on March 8 which was named “Santa Marina”. 

The peak magnitude of this sporadic, which overflew Jaén 

(Spain), was –8.0. The particle was moving on a cometary 

(JFC) orbit before colliding with the Earth’s atmosphere. 

This deep-penetrating fireball reached an ending height of 

about 44 km. 

And the last fireball described in this paper was the 

“Pedrezuela” fireball, which was recorded on March 12. It 

reached a peak absolute magnitude of –9.0 and belonged to 

the sporadic. This meteor event overflew Madrid and 

Segovia (Spain). Before striking our planet’s atmosphere 

the particle was moving on an asteroidal orbit. This deep-

penetrating bolide reached a terminal height of about 33 km. 
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